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Sewer Testing and
Inspection Techniques

Overview

Operations and maintenance practices, such as sewer
testing and inspection, enhance sewer system performance.
Specifically, testing and inspection practices ensure that
new connections are made correctly, help locate and protect
against unwanted inflow and infiltration (I/I), and assess
the structural condition of the sewer system. Inspection
techniques can also be useful in identifying locations
where grease and debris accumulate or where roots intrude
into the sewer, which can cause sewer blockages resulting
in unexpected CSOs and SSOs. The keys to a successful
sewer testing and inspection program are identification

of potential or current problem locations; correction of
the problem; and evaluation of the effectiveness of the
corrective measures.

Sewer Testing Techniques

In general, sewer testing techniques are used to identify
leaks which allow unwanted infilitration into the sewer
system and determine the location of illicit connections
and other sources of storm water inflow. Air testing and
hydrostatic testing are used to identify leaks in the sewer
system. Smoke testing is used to determine connectivity
and to identify points where inflow to the sewer system can
occur. These testing techniques are described in further
detail below.

Air Testing

Air testing is used to determine if a particular section
of sewer line has leaks that would allow unwanted
groundwater to infiltrate into the system or sewage
to exfiltrate into the surrounding soil. Plugs, such

as inflatable stoppers, are placed at either end of the
test section, and in all service connections to the
section. The test section is pressurized with air. After
the pressure is allowed to stabilize, it is monitored
for a predetermined amount of time. The acceptable
range of pressure drop and the duration of the test are
based on the pipe material and diameter, detailed in
American Society for Testing and Materials (ASTM)

standards. An unacceptable drop in the pressure
indicates that the pipe has leaks that could lead to
excessive infiltration. To isolate the leaks, air testing can
be repeated on smaller sections of line.

Hydrostatic Testing

Hydrostatic testing is another technique used to detect
and locate leaks in a sewer system. As with air testing,
the sewer reach of interest is isolated using plugs. The
test section is filled with standing water and the water
level is monitored. A drop in the water level over time
indicates the presence of leaks. The acceptable decrease
in water level and the test duration are specified in
ASTM standards based on pipe material.

Smoke Testing

Smoke testing is commonly used to detect sources of
unwanted inflow such as down spouts, or driveway
and yard drains. With each end of the sewer of interest
plugged, smoke is introduced into the test section,
usually via a manhole. Sources of inflow can then be
identified when smoke escapes through them. This
technique can also be used to identify cross connections
between sanitary and storm sewer systems. The smoke
can be tracked through the sewer system for a limited
distance. The length of the sewer that can be tested at
one time is dependent on a number of environmental
factors affecting smoke dissipation, such as wind and
the number of sewer and surface connections to the
system.

Sewer Inspection Techniques

Sewer inspection is an important component of any
maintenance program. Sewer inspections establish the
current condition of sewer lines and identify potential
problems. The most common sewer system inspection
techniques are described in detail below.

Visual Inspection
Visual inspection, which is the most basic sewer
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inspection technique, can include surface and internal
inspections. In either case, the manhole cover is
removed and an inspection of the manhole condition,
as well as the flow characteristics in the pipe, is made.
For smaller pipes, mirrors and lights can be used

to inspect the first few feet of pipe upstream and
downstream of each accessible manhole. For larger
pipes, a maintenance crew member can enter the pipe
to inspect the inside of the pipe.

Lamping

Lamping involves lowering a still camera into a
maintenance shaft or manhole. The camera is lined

up with the centerline of the junction of the manhole
frame and the sewer. A picture is then taken down the
pipe using a strobe-like flash. This method can typically
be used to inspect the first 10-12 feet of the pipe
upstream and downstream from the access point.

Camera Inspection

Camera inspection is slightly more comprehensive

than lamping. In camera inspections, a still camera is
mounted on a floatable raft that is released into a pipe.
As it floats down in the sewer, the camera takes pictures
of the pipe using a strobe-like flash. Camera inspections
can be performed in any pipe that is large enough to
accommodate the camera and raft device.

Closed-Circuit Television

Closed-circuit television (CCTV) is the most
commonly used technique for inspecting the internal
condition of a sewer (EPA 1999). A closed-circuit
camera with a light is self-propelled or pulled down the
pipe. As it moves, it records the interior of the pipe. The
focus of the camera can be controlled remotely for a
clear image of points of interest. The distance traveled
is recorded so that the location of any irregularities

can be noted. This technique can be used in lines with
a diameter ranging from 4-inches to 48-inches (CSU
2001).

Sonar

Sonar is a newer technology available for inspecting
sewer lines. Sonar is deployed in the same manner as
CCTV cameras and, therefore, can be used in the same
diameter pipes. Sonar works by emitting a pulse that
is bounced off the walls of the sewer. The time it takes
for the pulse to bounce back is a function of the wall
geometry. This wall geometry can then be analyzed to
develop an image of the interior of the pipe. At low
frequencies, less than 200 kHz, the pulse can penetrate
the walls and provide information on the structural
condition of the pipe.

Sewer Scanner and Evaluation Technology

Sewer Scanner and Evaluation Technology (SSET) is an
experimental sewer line inspection technology. A full digital
picture of the interior of a pipe can be produced by using a
probe with a 360 degree scanner.

Key Considerations

Sewer Testing Techniques

The location and elimination of leaks in a sewer system

are the major concern of system operators (CSU 2001). An
effective sewer testing and inspection program will identify
existing leaks and prevent other leaks from developing. Key
considerations, including advantages and disadvantages, in
selecting appropriate testing and inspection techniques are
detailed below.

Air Testing

Alr testing tests the entire circumference of the pipe

for leaks by exerting the same amount of pressure in all
directions on the pipe. Air can leak through a smaller
crack than wastewater, therefore air testing helps find
vapor leaks which may attract roots. In addition, in
areas with steep terrain, air tests are better than water
tests because of excessive hydrostatic pressure created at
the lower end of the sewer line (CSU 2001). However,
air testing can be difficult to apply in areas that have
numerous service lateral connections as each one must
be individually plugged, and the test section must be
taken out of service during air testing. Due to safety
concerns, air testing can also only be used in 4-inch to
24-inch pipes. For example, pressure on a 24-inch plug,
even during a low pressure test, is enough to cause an
improperly installed plug to explode (Rinker Material
2002).

Hydrostatic Testing

Hydrostatic testing also requires that the test section be
taken out of service during testing. Individual service
lateral connections do not need to be plugged as long
as the water level at which the test is conducted is below
that of the lowest basement in the test area. However, if
residential taps are not plugged, the service laterals will
be included in the test area. Further, since the release of
pressure due to a failure of a plug in the hydrostatic test
is much lower than in an air test, it can be conducted
in larger diameter pipes. The principle disadvantages
of hydrostatic testing are the time, money, and water
wasted in conducting these tests (CSU 2001).

Smoke Testing

Smoke testing does not require the test section to be
removed from service. However, all floor and sink
drains must be filled with water prior to introducing



Operation & Maintenance: Sewer Testing and Inspection Techniques

smoke to the system. Use of smoke testing is best done
when the groundwater levels are low (i.e., below the
elevation of the pipe) so that any cracks will leak smoke.
It is important to realize that the location of smoke on
the ground surface does not necessarily reveal where the
smoke is escaping underground, but rather the point of
exit at the ground surface (CSU 2001).

Sewer Inspection Techniques

Logging and recording inspections is critical to ensuring
their utility. Typically, each municipality will have a standard
log sheet for recording observations made through any of
the inspection techniques described below. In cases where
old sewers are to be inspected, it may be important to clean
the lines before inspection. Ideally, sewer line inspections will
take place during low flow conditions. Key considerations for
different inspection techniques are discussed below.

Visual Inspections

In conducting visual inspections of sewer interiors, the
maintenance crew is required by law to have confined
space entry training and to strictly follow confined
space entry procedures. Safety concerns also arise when
attempting visual inspections in sewers with access
points more than 600 feet apart.

Lamping

Lamping does not require confined space entry.
Additionally, little equipment and set-up time are
needed. Inspection is only possible, however, in the areas
clearly captured in the photograph. Further, lamping has
limited use in small diameter sewers (CSU 2001).

Camera Inspection

Camera inspection is often a viable alterative to visual
inspections in larger sewers when the access points

are more than 900 feet apart. The main disadvantage
of camera inspection, similar to lamping, is that the
pictures are not comprehensive and portions of the
pipe may be missed. Additionally, there must be flow in
the pipe for the raft to float. If there is flow in the pipe
usually the invert of the pipe cannot be seen and is not
photographed. Therefore, this method of inspection
does not fully capture the condition of the invert of the

pipe.

Closed-Circuit Television

One of the primary advantages of CCTV over still-
photography methods, such as lamping and camera
inspections, is that the camera can be stopped and
pulled back or forth for a more precise observation.
A footage meter can also be used in conjunction with
CCTV equipment to keep track of the location of any
irregularities. CCTV, however, cannot capture pipe
condition below the water. In addition, CCTV-based
assessment is subjective and can be error prone as its

accuracy depends heavily on the skill and concentration
of the operator.

Sonar Technology

Sonar technology is able to map the sewer condition
both above and below the level of flow. The primary

use for sonar equipment is to inspect and assess the
structural condition of otherwise inaccessible or flooded
sections of sewer lines. The disadvantage is that it
requires more power and heavy equipment than the
CCTYV, and therefore tends to be more expensive.

Sewer Scanner and Evaluation Technology

Similar to sonar, SSET also offers the benefits of a

more complete image of the pipe than CCTV, but this
technology is still in the experimental phase. SSET

does not identify all types of sewer defects, such as
infiltration and corrosion, equally. Also, it is not possible
to see laterals, and SSET is slow compared to CCTV
(CERF 2000). It appears that comprehensive data on

the condition of the pipeline can be determined by
combining SSET with CCTV.

Cost

Costs for testing and inspection will vary based on

location and technique used. CCTV is the most commonly
used inspection technique and the costs are presented in
Table 1.

Table 1.CCTV costs per linear foot, includes labor
and equipment costs.

Location ccTVv!

Los Angeles, CA $0.57
Sacramento, CA $1.63

Santa Rosa, CA $0.27
Honolulu, HI $3.24
Boston, MA $1.89-$2.70
Laurel, MD $1.72
Albuquerque, NM $1.56
Charleston, SC $0.39

Fort Worth, TX $0.48

Fairfax County, VA $0.81
Norfolk, VA $1.62
Virginia Beach, VA $1.56-5$1.73
Average $1.44

" Costs in 2002 dollars.
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Implementation Examples

FORT WORTH, TX

Responsible Agency: City of Fort Worth
Population Served: 880,000 The City of Fort Worth Water Department created a Preventative Maintenance

Section and a Technical Service Section in 1998.The Preventive Maintenance
Section was tasked with implementing a system-wide small diameter (less
than 18 inches) sewer cleaning and inspection program. Larger pipes are
cleaned and inspected by private contractors, due to technical logistics and
the specialized equipment needed.The Sewer Maintenance Section handles
all other sewer maintenance activities such as cleaning blockages, and pipe installation and repair. The sewer system is divided
into nine major drainage basins containing 167 subbasins. Each subbasin, along with its SSO and maintenance histories, is tracked
in a Geographic Information System (GIS) database. Spatial analysis based on information from the GIS database and baseline
performance criteria is used to prioritize the cleaning and inspection of the subbasins. Once a subbasin is selected for cleaning,
approximately two-thirds of the cleaned lines are evaluated by CCTV.This information is used as part of the decision making
process for determining whether or not further maintenance is needed. During 2001-2002, 176 miles of pipe were televised.The
cost for inspection of small diameter sewers by city employees was $0.48 per linear foot including labor and equipment.

Sewer Maintenance and Service Program

Service Area: 291 sg. mi.
Sewer System: 2,589 mi. of sewer

Contact: Darrell Gadberry, City of Fort Worth Water Department, Field Operations Division

FAIRFAX COU NTY, VA Improved Sewer Maintenance Program

Responsible Agency: Fairfax County Fairfax County believes that improved record keeping, along with
Population Served: 835,000 the reorganization and streamlining of their sewer maintenance
Service Area: 234 sg. mi. program, has resulted in significant reductions in SSOs in recent
Sewer System: 3,100 mi. of sewer years. By tracking the number of inspections and cleanings, as well

as the number of overflows in each individual line, the county has

established and prioritized inspection and cleaning schedules for
each line.This customized cleaning and inspection schedule, along with the resulting decrease in SSOs, led to a decrease in overall
sewer maintenance costs. Inspection activities include visual inspection using a mirror attached to a pole, a portable camera, and
CCTV.The sewers are then cleaned based on the regular schedule or sooner, as determined by the inspection results. In 2002, the
cost of visual inspection and cleaning was $0.87 per linear foot.The cost of CCTV inspection was $0.78 per linear foot.

Contact: Ifty Khan, Fairfax County Department of Public Works & Environmental Services,
Wastewater Collection Division
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Sewer Cleaning
Techniques

Overview

Operations and maintenance practices, such as sewer
cleaning, enhance sewer system performance. Specifically,
sewer cleaning can remove blockages caused by the
deposition of solids and grease, as well as root intrusion.
Sewer cleaning is important in maintaining sewer system
capacity and can reduce the frequency and volume of CSOs
and SSOs.

The three major techniques used to clean wastewater sewer
systems are hydraulic, mechanical, and chemical. Some

of the more widely used technologies in each of these
categories are described below.

Hydraulic Cleaning Techniques

Jetting

Jetting involves aiming a high-pressure stream of water
at the blockage or debris in the pipe. The shape of the
nozzle can be changed depending on the surface in
need of cleaning (CSU 2001). Jet cleaners can either be
truck- or trailer-mounted. Jet cleaners are very efficient,
require minimal staff, and are able to handle most types
of sewers and blockages. Jetting is the most common
hydraulic cleaning technique due to its comparatively
low cost and effective cleaning results.

Balling

Balling involves inserting a rubber ball with a diameter
slightly smaller than the interior diameter of the pipe
into a sewer line. The ball is placed in the upstream end
of the sewer line and reduces the area through which
wastewater can pass, causing it to flow at a higher
velocity. This increased velocity flow scours the interior
of the pipe. Additional cleaning can also be achieved by
threading the ball so that it spins as water flows past,
scrubbing the interior of the pipe.

Kites
Kites are cone shaped devices that resemble a windsock
and are used to hydraulically clean sewers. Kites work

similar to balling, increasing the velocity of the flow so
that it scours the sewer line. They are made of a canvas
material that traps and funnels the wastewater so that
it is released as a high velocity stream. This wastewater
stream works to break up deposits in the line.

Scooters

Scooters consist of a metal shield attached to a wheeled
framework and are designed to be self-propelled. The
shields are available in various sizes for use in different
diameter pipes. Similar to the balling technique, the
scooter blocks the flow in the pipe and forces it to go
around the edges of the shield at a high velocity. The
wheeled framework allows the scooter to be pushed

by the wastewater built up behind it. The depth of
wastewater behind the scooter is controlled by a spring
system that adjusts the angle of the shield relative to
the walls of the pipe. By adjusting the angle of the
shield, the flow around the edges is either increased or
decreased. The high velocity water flowing around the
shield breaks up and moves debris down the pipe.

Flushing

There are two methods used in flushing sewers: manual
flushing and self-flushing. Manual flushing involves
introducing large volumes of low velocity water at the
upstream end of the sewer. The large flow volume

is capable of transporting floatables and low density,
loose debris to the downstream manhole for removal,
but not necessarily heavy or attached debris. This
method is most effective when used in combination
with a mechanical method such as rodding. Self-
flushing techniques use the flow within the sewer for
hydraulic cleaning. A gate or other device is used to
store a volume of wastewater and then release it in a
flood wave that washes deposits out of the sewer line.

Mechanical Cleaning Techniques

Rodding
Power rodding machines use an engine to force a
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small diameter rod (less than one inch) through the
sewer line. The rod turns as it passes through the pipe.
Usually a cleaning attachment made of multiple small
blades is located at the end of the rod. The attachment
works to loosen and break up debris; it also cuts
through roots that protrude into the interior of the
pipe. In addition, power rodding can be used to thread
cables for closed-circuit television (CCTV) inspection
or bucket cleaning.

Bucket Machines

Bucket machines use a steel bucket that is pulled
through the sewer along a cable threaded between two
manholes. The front of the bucket has jaws that open
and scrape the debris and deposits from the interior
of the pipe capturing them in the bucket for removal.
Bucket machines are available in a range of sizes to
allow for cleaning of both small and large diameter
pipes. The power of the equipment being used to pull
the bucket determines the size of the pipe that can be
cleaned with this method.

Chemical Grouting Techniques

Herbicides

Roots can inhibit flow, collect debris, and reduce

the line’s capacity. Herbicides are used to kill roots
protruding into the sewer line and inhibit future root
growth. Herbicides are typically applied by one of two
methods: soaking the roots inside the sewer with a
liquid solution for a short time period, or filling the
sewer with a herbicidal foam. Chemical root control
must be used in combination with some other cleaning
technique to remove the roots killed by the herbicides.

Enzyme Additives

Enzyme additives can be used to break up scum,
grease, and other accumulated organic matter. These
additives can control odors in the sewer system as well
as removing blockages. The additives usually come in a
dry flaky form and are applied in small doses.

Key Considerations

Selection of the most appropriate sewer cleaning technique
will need to be made on a site-specific basis. In general,
hydraulic cleaning techniques tend to be simpler and
more cost-effective in removing deposited solids when
compared to other sewer cleaning techniques (CSU

2001). Mechanical techniques are typically used in areas
where the volume, size, weight, or type of debris limit the
effectiveness of hydraulic techniques. Chemicals can be
helpful aids for cleaning and maintaining sewers, but most
chemical applications are localized or used to enhance

the effectiveness of other cleaning techniques. Specific
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considerations for each of the aforementioned cleaning
techniques are described below.

Applicability

Hydraulic Cleaning Techniques
Jetting
Jetting is most effective in cleaning flat, slow-flowing,
smaller pipes (less than 15 inches in diameter). As the
pipe diameter increases, the distance between the high
velocity nozzle and the interior of the pipe increases,
which decreases its cleaning potential. Jetting is often
more effective in low flow pipes as the jets can easily
penetrate shallow flow to clean the deposits in the
invert of the pipe. Jetting must be used with caution
in pipes with fixtures such as gauges and valves as they
may be damaged by the jets. Basement backups can
occur if the jetting hose is mistakenly fed into a service
line, or if the volume of water introduced exceeds the
capacity of the sewer line.

Balling

Balling is best suited for removing deposits of inorganic
material and grease (CSU 2001). Balling can only be
used in areas where sufficient hydraulic capacity is
available to pressurize the water flowing around the
ball without causing sewer backups, and it is most
successful in 24-inch or smaller diameter pipes. It
cannot be used in sewer lines that have large offsets,
service connections, or roots protruding into the
sewer line since the ball can get caught. The required
frequency of balling varies from six months to three
years (CSU 2001).

Kites

Kites clean in a manner similar to balling, but they are
commonly used to clean larger diameter sewers. Kites
require only a small amount of hydraulic pressure to
create a cleansing velocity. Yet, they can only be used in
areas where sufficient hydraulic capacity is available to
pressurize the water flowing around the kite without
causing sewer backups. Some accommodation for
hydraulic capacity can be made by feeding the kite
through the system at a faster rate. However, this faster
rate may not allow for sufficient pressurization of the
water flowing out of the end of the kite. A kite cannot
be used in pipes with large offsets, which could cause
the kite to become lodged in the line.

Scooters

Scooters are capable of removing large objects and
heavy materials (i.e., brick, sand, gravel, and rocks).
Scooters are considered more effective in larger lines,
over 18 inches in diameter (CSU 2001). The operation
of a scooter is quite simple, and the cost is often
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considerably less than other cleaning operations. Since
scooters depend on the build-up of water pressure,
caution must be used where sewers are shallow or the
danger of flooding homes or businesses exists. A scooter
cannot be used in lines with protruding pipes or service
lateral connections, and it may not be appropriate for
lines with significant root intrusion, where it could
become entangled.

Flushing

Flushing is most often used in conjunction with other
mechanical techniques, especially rodding. Mechanical
devices are used to cut roots and grease from the walls
and joints of pipes. This is followed by flushing to
remove the cut material. Flushing is not as effective

as balling or jetting because sufficient velocities are

not developed to remove grease, grit, or heavy debris.

It is also important to note that the amount of water
required to clean a line is dependent on the size, length,
and slope of the line. Flushing is not a common practice
due to poor results and large volumes of water required
for cleaning, which ultimately flow to the wastewater
treatment plant.

Mechanical Cleaning Techniques

Rodding

Rodding is one of the most widely used methods for
cleaning sewers. Rodding is typically used to handle
stubborn stoppages of roots, grease, and debris (CSU
2001). This method works best when applied in pipes
with diameters of 12 inches or less. When used in larger
diameter pipes, the rod tends to bend and coil up on
itself. Rodding is most effective when it is applied in
conjunction with some form of flushing because it
works to loosen and break up debris, but rodding itself
does not remove debris from the line. If the rod happens
to break in the sewer line, retrieval and repair may be
very difficult.

Bucket Machines

Bucket machines are most often used to clean a line
after a pipe breaks or debris that cannot be removed
by hydraulic cleaning techniques accumulates. They
should not be used as a routine cleaning tool. Bucket
machines are heavy, and set-up of the equipment is more
time consuming than for other mechanical methods.
In addition, if the sewer line is completely blocked, the
pull cable cannot be threaded through the line, making
this method ineffective. Bucket machines are costly

to operate and maintain, and they can be potentially
damaging to sewer pipes.

Chemical Cleaning Techniques

Herbicides

Proper application of chemical root control is essential
in ensuring their effectiveness. Root control using
chemicals is not as fast as cutting roots with a power
rodder, however, it is more permanent. Effective
chemical application can control roots in a sewer for

two to five years (CSU 2001). It is important to take into
consideration how the toxicity of the herbicide will affect
the biological treatment process at the downstream
wastewater treatment plant.

Enzyme Additives

The addition of enzyme additives to control grease and
scum are effective under specified conditions in specific
locations. Careful comparison of the results produced
by the additives with those achieved via mechanical or
hydraulic cleaning methods should be made to ensure
that the most appropriate technique is selected.

Cost

Representative costs for various cleaning methods are
summarized in Table 1. The relative effectiveness of the
cleaning techniques is presented in Table 2.

O&M-9
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Table 1. Cleaning costs per linear foot.

Average Cost per Linear

Municipality Cleaning Method Foot'
Los Angeles, CA Hydraulic - Jetting $0.27
Mechanical - Rodding $0.41
Mechanical - Manual Rodding $1.32
San Diego, CA Overall Cleaning $0.54
Hammond, IN Overall Cleaning $1.26
Afton, OH Overall Cleaning $0.42
Sioux Falls, SD Overall Cleaning $0.45
Fort Worth, TX Overall Cleaning $0.61-$1.02
Fairfax, VA Hydraulic - Jetting $0.44
Mechanical - Rodding $0.86

' Costs include labor and equipment.

Table 2. Effectiveness of sewer cleaning techniques (CSU 2001).

Maintenance Issue
(Effectiveness scaled from 1=low to 5=high)

Cleaning Technique Esn: :;?:\r:ey Grease Roots Sa;:éﬁ:“’ Odors
Jetting’ 5 5 - 4 3
Balling - 4 - 4 3
Kiting - 4 - 4 3
Scooters = 3 = 3 =
Flushing - - - , 2
Rodding 4 1 3 - -
Bucket Machines - - - 4 -
Chemicals - 2 - 5 5
Microorganisms - 4 - - -

! Effectiveness decreases as pipe diameter increases.
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Implementation Examples

SIOUX FALLS: SD Sewer Cleaning and Maintenance

Responsible Agency: City of Sioux Falls
Population Served: 120,000
Service Area: 70 sq. mi.

The City of Sioux Falls’ sewer system consists of 578 miles of sanitary pipe.The
pipes range in size from 6-66 inches in diameter. The sewer system is divided
into 20 drainage basins, and the current maintenance program provides that
Sewer System: 578 mi. of sewer the entire system is cleaned once every three years. Maintenance records are

stored in an Oracle database that generates work orders by date and drainage

basin. Sanitary sewer maintenance includes high pressure jetting, vacuuming
to remove loosened debris, and mechanical and chemical root control. Closed circuit televising (CCTV) is used to identify trouble
spots, where more frequent cleaning is required than the scheduled three year intervals.In 2001,372 miles of sewer (64 percent of the
system) were cleaned and televised.The cost for these maintenance activities equates to $236 per 5,280 feet (1 mile) of inch-diameter
pipe .Using a ten-inch diameter pipe as an average, maintenance costs are about $0.45 per linear foot.

Contact: Richard McKee, M.O.U. Public Works, Water Reclamation Division

FORT WORTH ’ TX Sewer Cleaning Efforts

Responsible Agency: City of Fort Worth

Population Served: 880,000 The City of Fort Worth's sewer system consists of approximately 2,589 miles
Service Area: 291 sq. mi. of pipe. The pipes range in size from 6-96 inches in diameter. Ninety percent
Sewer System: 2,589 mi. of sewer of the system is composed of pipes with diameters of18 inches or less. The

city has established maintenance goals which include cleaning all sewers 18

inches or smaller once every eight years and all sewers larger than 18 inches

once every 15 years. The cleaning and maintenance of the smaller diameter
pipes is conducted by city employees, while the cleaning of larger diameter pipes is outsourced due to technical logistics and the
specialized equipment needed.

The sewer system is divided into nine major drainage basins containing 167 subbasins. Each subbasin, along with its SSO and
maintenance histories, is contained in a Geographic Information System (GIS) database. Spatial analysis of the GIS database is
compared to baseline performance indicators to prioritize the cleaning order of the subbasins. In 2001-2002, 1.15 million linear
feet of pipe were cleaned by the city. The cost for city cleaning activities during this time, including labor and equipment, was $0.61

per linear foot (in 2002 dollars) and the cost for cleaning of larger pipes by private contractors was $1.02 per linear foot (in 2002
dollars).

Contact: Darrell Gadberry, City of Fort Worth, Water Department, Field Operations Division
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Overview

Pollution prevention is defined as any practice that
reduces the amount of pollutants, hazardous substances,
or contaminants entering the waste stream (EPA 2002).
Pollution prevention focuses on source control, seeking to
reduce the pollutants generated by a particular process. It
relies on individual action, and therefore, public education
and awareness. A range of pollution prevention activities
including best management practices (BMPs) for fats, oils,
and grease; household hazardous waste; and commercial
and industrial facilities are detailed below.

Fat, Oil, and Grease Control Programs

Fat, oil, and grease (FOG) are a by-product of many food
items that are prepared in homes and restaurants. Often,
when used for cooking, FOG is improperly disposed of by
pouring it down a sink drain. FOG can also enter the sewer
system when dishes are washed. Over time, FOG builds up
in sewers, leads to blockages, and can cause combined and
sanitary sewer overflows (CSOs and SSOs).

Nationally, EPA believes that FOG is one of the leading
causes of SSOs contributing to approximately one out of
every five SSOs. The best way to prevent these blockages is
to keep FOG out of the sewer system. Education programs
are important in ensuring residents, institutional, and
commercial establishments, especially restaurants, are
aware of their role in managing FOG. In addition, many
municipalities have adopted regulations controlling the
introduction of FOG into the sewer system.

In commercial areas, grease traps or interceptors are often
used to remove FOG from wastewater before it enters the
sewer system. Grease traps slow the flow of wastewater,
allowing it to cool and FOG to float to the top of the trap.
Baffles are located at the beginning and end of the trap to
prevent FOG from escaping as shown in Figure 1. The size
of the trap depends on the anticipated flow and the amount
of FOG in the wastewater. Grease trap capacities range from
small units (less than 10 gallons) located in the kitchen area
to 5,000 gallon tanks installed underground outside the

N\ J

. Clean-out

\ Bafﬂes /
Settled Solids

Figure 1. A schematic showing the collection of FOG by a
grease trap located within a sewer line.

building (NCDPPEA 2002). Often, for restaurants, the size
of the trap is determined by the number of seats.

Household Hazardous Waste Management

Household hazardous waste includes products that

are corrosive, toxic, reactive, or flammable. Household
hazardous waste management focuses on the proper
application and disposal of these otherwise hazardous
materials. Common household hazardous waste are paint
thinners, auto batteries, pesticides, and oven cleaners.

Household hazardous waste collection programs highlight
the importance of proper disposal of these materials and
potential hazards resulting from improper disposal (i.e.,
pouring down kitchen sinks or storm drains and thus into
the sewer system). Collection programs typically include
schedules for home pick-up or drop-off points for the
waste.
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The inappropriate or excessive application of fertilizer and
pesticide can allow large amounts of these chemicals to

be washed off lawns and other landscaped areas during
wet weather events. Fertilizer contains nitrogen and
phosphorous that can contribute to the eutrophication

of receiving waters. Pesticides contain chemicals that are
toxic to aquatic life and can impact the biological processes
used at the wastewater treatment plant. In areas served by
combined sewers, runoft contaminated with fertilizer and
pesticides may be discharged during a CSO event. Drain
disposal of chemical remnants can also introduce the
fertilizer or pesticide into the sewer system.

Integrated pest management (IPM) programs can be
effective in limiting fertilizer and pesticide application. IPM
programs teach residents the difference between insects that
are beneficial and harmful to plants to avoid the over use of
pesticides. For example, if one branch of an azalea bush is
infected with an azalea lace bug, that branch can be cut out
of the bush eliminating the pest and reducing the need for
pesticide (NVPDC 1996). Further, IPM programs advocate
using a diverse selection of native plants and maintaining

a healthy plant bed by using organic compost instead of
fertilizer.

Commercial and Industrial Waste Management
Commercial and industrial facilities can discharge large
amounts of pollutants to sewer systems through direct
disposal or storm water runoff (EPA 1999). Pollution
prevention plans that incorporate storm water BMPs

and water conservation measures can play an important
role in reducing the pollutants discharged directly to the
sewer system, as well as those washed-off commercial

and industrial sites during wet weather events. BMPs for
commercial and industrial sites can be used to control the
volume or quality of storm water runoff. BMPs may include
using temporary covers for outside storage areas, installing
covered bays for vehicle maintenance, purchasing rain proof
dumpsters, and adopting environmentally-friendly building
and grounds maintenance practices. Water conservation
measures at commercial and industrial facilities often
include installing water efficient fixtures such as low-flow
toilets and faucets and reusing or recycling cooling water.
For more information on water conservation activities,
refer to the “Water Conservation Technology Description”
in Appendix B of the Report to Congress on the Impacts and
Controls of CSOs and SSOs.

Key Considerations

Pollution prevention practices most often take the form
of simple, individual actions which reduce the pollutants
generated by a particular activity. Therefore, pollution
prevention programs must be implemented with broad
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participation in order for there to be a discernible
reduction in pollutant loads discharged to sewer systems.
Specific considerations for each of the pollution prevention
practices described above are provided below.

Applicability

Fat, Oil, and Grease Control Programs

FOG is a common problem in both combined sewer
systems (CSSs) and sanitary sewer system (SSSs).
Numerous municipalities have invested in programs to
educate customers about the proper handling and disposal
of FOG. Education programs are most successful if they are
tailored to a specific audience (i.e., residential, institutional,
or commercial).

Education programs should make residents aware that

FOG can block private laterals, in addition to municipal

sewers, resulting in basement backups. Utility bill inserts,

direct mailings, newspaper articles, and community events

are ways to reach residential customers (NCDPPEA 2002).

Outreach materials can include a “Do and Don’t” list such

as the following:

Do:

*  Collect FOG in a container and dispose of it with the
trash

e Scrape grease and food from cooking/serving ware
before washing

*  Encourage neighbors and friends to help eliminate
FOG from the sewers

Don’t:

*  Pour FOG down the sink drain or toilet

*  Put greasy waste or food down garbage disposals

*  Place FOG wastes in the toilet

Education for commercial and institutional customers

can take the form of workshops, mailings, and web
information. Workshops provide a forum for disseminating
information concerning environmental and health effects
of FOG, BMPs for controlling FOG, and any municipal
ordinances that pertain to FOG. Workshops can emphasize
the important link between employee behavior and possible
FOG blockages. If new ordinances are put into place, direct
mailings can be used to inform those effected of their new
responsibilities, as well as techniques for controlling FOG.

A vital part of any education program for commercial and
institutional customers is discussion of grease trap design
and maintenance. Grease traps do not remove all the FOG
in the wastewater; proper design and regular maintenance is
critical for effective grease trap performance. The effective
separation of water and grease is based on four design
criteria (NCDPPEA 2002):
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e Sufficient volume to allow the wastewater to cool for
separation

*  Proper retention time for the FOG to separate from
the wastewater

*  Low turbulence to prevent FOG and solids from
resuspending

*  Adequate volume to handle the accumulation of FOG
and solids between cleanings

Household Hazardous Waste Management

Programs that promote appropriate disposal of household
hazardous waste and the proper application of fertilizers and
pesticides can be instituted in any community.

Household hazardous waste collection programs provide
information to residents about materials that are considered
hazardous and provide opportunities for proper disposal.
State or local governments can establish a network of
regional, local, or mobile household hazardous waste
collection facilities providing residents with multiple options
for disposing of the waste (MPCA 2002). Municipalities may
organize simple or elaborate drop off events that incorporate
other environmental education programs.

The control of fertilizer and pesticide levels involves
convincing residents, institutions, and municipal
departments to adhere to handling and application
techniques that limit pollutant runoff. Public education
programs should emphasize that “more is not better,” and
that the lowest effective dose listed on the label for any one
application should always be used. Education programs
can also include information on IPM and other alternative
pest control measures. The caretakers of large parcels of
urban land, including local park departments and other
institutions, should be encouraged to demonstrate the
responsible use of fertilizers and pesticides.

Commercial and Industrial Waste Management

The development and implementation of a pollution
prevention plan can benefit almost any commercial or
industrial facility. Pollution prevention plans can reduce
operating costs and improve the facility’s public image, while
reducing the quantity of pollutants generated. Technical
assistance and incentives may also be used to encourage
commercial and industrial facilities to participate.

Some states, regional agencies, and counties have developed
programs to aid businesses in developing pollution
prevention plans. These programs typically include a waste
analysis to determine which portions of the commercial

or industrial facility’s production could benefit from waste
reduction measures and services to help implement the
suggested measures.

Water conservation measures can be an important
component of a pollution prevention plan helping to

reduce the amount of water consumed by commercial and
industrial operations. This in turn reduces the amount of
water discharged to the sewer system. When establishing a
water conservation plan, a facility should perform a water
audit to survey its water use. The true cost of water usage
can then be calculated by considering the water and sewer
costs, on-site wastewater treatment costs, if any, and energy
costs to heat or pump water. After water use is characterized,
areas for improvement can be identified and prioritized.
Changes in behavior, as well as the replacement or retrofit of
equipment, can be used to implement more efficient water
use practices.

Cost

Pollution prevention measures are site-specific, and it is
therefore difficult to compare costs between programs.
Tables 1 and 2 provide cost examples for pollution
prevention practices. Table 2 specifically details commercial
and industrial pollution prevention measures including
potential cost savings.

O&M-15



Report to Congress on the Impacts and Control of CSOs and SSOs

Table 1.Example costs associated with pollution prevention programs.
Technology Program Typical Costs

Fats, Oil, Grease Education Program Raleigh, NC- Budgeted $100,000 for program set-up and $50,000 annually
for implementation.

Grease Trap/Interceptor ~ Wisconsin - Grease traps can cost $750 per cubic foot or $211,000 per
structure >

Household Waste Hazardous Household Jefferson County, KY - Operates a permanent collection facility for

Management Waste Management hazardous household materials. The annual operation budget is $250,000
and they collect approximately 150,000 Ibs. per year ($3,333/ton or $1.67/
Ib.).

Greater Detroit Resource Recovery Authority - Collected 60 tons of waste in
1995 for $223,000 ($3,716/ton or $1.86/1b.).2

Lovinia, Ml - Spent an average of $80,918 annually for their hazardous
household materials collection program from 1991- 1995. The average
disposal cost was $12.19/gallon.?

Fertilizer and Pesticide

Control Prince William County, VA - Provides soil test kits to residents for $10, which
includes analysis for fertilizer needs. 2

Commercial and Industrial Waste Management King County, WA - Operates the Industrial Materials Exchange, which helps
Management businesses find markets for their surplus materials, wastes, and industrial by-
products. The annual operating budget is $250,000.

Waste Reduction Partners of the Land-of-Sky Regional Council, Ashland,
NC - Annual budget for 2001 was $132,097. In 2001, the program diverted
10,609 tons of solid waste from landfills.?

TEPA 1999, 2Ferguson, et al. 1997, 3 Land-of-Sky 2001

Table 2. Examples of commercial and industrial pollution prevention programs.

v Capital Cost
Company State Program Activity Cost Savings/Yr.
Air Productsand  OH Wastewater Batch seal pot water is $1,000 $2,000 Reduced waste flow to sewer
Chemicals, Inc. Discharge recovered and reused system by 56% annually.
Reduction in continuous emulsion
process
Cooper Hand NC Reuse Hazardous Concentrate chromic acid N/A $68,000 Reduced purchase of new
Tools Waste Reduction  rinse water for reuse and chromic acid by 10,000 Ibs.
recover nickel from nickel annually. Eliminated generation
electroplating bast sludge of 12 tons of hazardous waste
annually.
Frigo Cheese Wi Reuse Salt whey recovery and $2,000 N/A Not Available
Corporation reuse by evaporation
Lockheed Martin  GA Hazardous Waste  Minimized paint waste $4,000 $120,649 Reduced hazardous waste
Reduction through improved planning stream by 2,020 gallons
annually.
Quality Metal Cco Hazardous Waste Installed solvent recovery $14,700  $13,000 Prevented formation of 375
Products/Sheet Reduction unit gallons of hazardous liquid
Metal Shop waste annually.
Small Engine Wi Hazardous Waste  Replaced chlorinated $10,000 N/A Not Available
Manufacturer Reduction solvents with aqueous
cleaners for parts cleaning.
Unilever Home GA Water Reuse of cooling water and  N/A $20,000 Reduced wastewater effluent
and Personal Conservation Plan  collected rainwater used in by 77%.No longer a Significant
Care, Inc. the manufacturing process. Industrial User in relation to

pretreatment program.
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Implementation Examples

RALEIGH P NC Public Education “Can Can” Campaign

Responsible Agency: City of Raleigh Department

of Public Works In 1999, the City of Raleigh passed an ordinance that made it unlawful to
Population Served: ~315,000 dispose of grease by pouring it into the sewer system.To educate the public
Service Area: Not Available about this ordinance and their responsibilities, the city launched the “Can

Can” Campaign in 2000. The city developed a website; produced television

Sewer System: 1,525 mi. of sewer . .
and newspaper advertisements and radio spots; sponsored a poster contest

during the
City of Raleigh’s annual Water Fest; and developed informational N
brochures. The website contains information about grease and Go_r ‘EbNT—GO DO-TF{E—

its affect on the sewer system including a “Do and Don't” list. G%E_P mERE'/

The first newspaper advertisement run by the city is shown. ol

\@N- CAN/

The city’s efforts continue to educate the public on the proper
disposal of grease. Currently, a video is being developed for
civic groups and students. Public service announcements
on grease management will air on community and network
television stations. Press releases reminding citizens about
the problems grease can cause in the sewer system will also
continue. Also, water bills will contain informational inserts.

During 2001, the city experienced 51 SSO events, a 22 percent DO NOT pour grease, s or i from cooking down the ckain

reduction from the previous year. The city attributes this reduction DO NOT use the iollet as a wastshaskst
to the FOG education program and an aggressive sewer maintenance DO NOT use the kiftchen sink o dispose of food scraps
program. The “Can Can” Program operates on an annual budget Gotquestons sbout the praper use of your saniary sewer sysien?

of $50,000; the start-up cost of the program was $100,000. Piass. ool oa CRy ofRRleigh ublc | Sioa Doperhmant 3002400

More information at http://www.raleigh-nc.org/pubaffairs/cancan/index.htm

DE NTO N CO U NTYI X Household Hazardous Waste Collection

Responsible Agency: Upper Trinity Regional Water District
Population Served: ~158,000
Service Area: Not Available

The Upper Trinity Regional Water District in the Dallas/Fort Worth
area provides drinking water, wastewater, hazardous waste
management, biosolids management, and non-potable water
Sewer System: Not Available supply services. Approximately 13 cities have contracts with the

district for the specific services they need.In 1998, a household

hazardous waste collection program was established to provide
the district’s customers with ways to dispose of their hazardous wastes in an environmental-friendly manner.The collected waste is
then transported in a specially modified cargo trailer to a regional disposal facility. The trailer was purchased in 1998 using a grant
from the Texas Commission on Environmental Quality. During collection events, residents can drop off batteries, used car oil, solvents,
antifreeze, herbicides, pesticides, aerosols, mercury, and paint. Paint is the most disposed item. The district charges each city $80 per
participating household for disposal fees and administration costs.The first collection event was held in June 1999.In 1999, a total of
375 households handed in 51,468 pounds of material. The total cost for the participating cities was approximately $26,250.

More information at http://www.utrwd.com/HHW.HTM
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ORANGE COUNTY, CA

Responsible Agency: Orange County
Sanitation District

Population Served: 2.4 million
Service Area: 470 sg. mi., 23 cities

FOG Control Study

A two-phase FOG control study is currently being conducted by
the Orange County Sanitation District. The first phase, completed
in March 2003, consists of a set of 13 building blocks that can be
used interchangeably to create FOG programs specific to local

Sewer System: 650 mi. of sanitary sewer

conditions. The building blocks are grouped into four categories:
programmatic, best management practices, best available
technologies, and regional and watershed. A summary of the

draft report that details the building blocks of a FOG control program is presented. The second phase is on-going and involves field
studies and pilot tests of FOG control technologies.

Cost comparisons of the various technologies that will be pilot tested as part of the FOG control study are not currently
available. The first phase of the study cost $268,000. It is expected that another $1 million will be spent on pilot tests and system

characterization.

Contact: Adriana Renescu

Building blocks of Orange County Sanitation District’s FOG control study.

Programmatic Building Blocks|
FOG Characterization

Ordinance

Monitoring and Enforcement

Fees and Incentives

Education and Outreach

Description

Characterization of local FOG conditions including the extent and nature of SSO problems;
identification of current or potential “hot spots’”.

Provides the legal framework for implementing a FOG program; establishes monitoring requirements,
enforcement conditions, and fees.

Ensures that FOG control requirements are being followed. Enforcement: penalize entities that fail to
correctly implement FOG controls.

Fees, often in the form of increased sewer fees, pay for the FOG program. Reduced fees may be
used as an incentive if commercial and institutional establishments can prove they are successfully
implementing controls.

Many different stakeholders contribute to the success of FOG programs, it is important to identify
and target key partners. Also, it is necessary to take into consideration language barriers (multilingual
programs are required).

Best Management Practices
Kitchen BMPs

Collection System Cleaning

Practices to reduce and eliminate residential FOG before it enters the sewer system.

Collection system cleaning and TV-monitoring should focus on areas in the sewer system where FOG is
most problematic.

Best Available Technologies
Grease Interceptors

Passive Grease Traps

Automatic Grease Traps
Biological Additives and Services

Chemical Additives

Grease interceptors located outside of buildings that have a minimum volume of 750 gallons.

Small collection devices with volumes less than 50 gallons, which are installed under sinks and must be
cleaned manually.

Automatic grease traps are self-cleaning.
Biological additives digest FOG and prevent it from blocking sewer lines or overloading traps.

Chemical additives break down FOG and have been found to be useful in solving lift station grease
problems.

Regional and Watershed

Grease Disposal Practices and
Alternatives

Once FOG controls have been put in place, there must be grease disposal mechanisms available to
customers. Such disposal methods include converting grease into biofuels and feeding the waste into
POTW digesters. Also, it is important to regulate haulers and disposal sites to avoid illicit dumping.
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PRINCE WILLIAM
Ccou NTY, VA Horticulture and Water Quality Program

Responsible Agency: Prince William County Since the early 1990s, the Prince William County Cooperative Extension has

Cooperative Extension administered a water quality program that educates residents about the

effects of over fertilizing their lawns and using too many pesticides. Residents

are recruited using direct mailings and programs with civic and homeowner

associations. Once a resident registers with the program, they complete a pre-program survey and attend educational seminars such

as “Fall Fertilization” and “IPM Basics” Upon completing the program, a master gardener volunteer visits with the residents to ensure

that they are implementing the IPM and fertilization practices correctly. Finally, the resident completes a post-program survey. To

date, over 2,000 households have completed Prince William'’s turf care and management program.To determine the effectiveness of

the program, Prince William compared 1996 survey results from 600 participating households pre- and post-program. Results of the
survey is summarized below.

Turf care and management program participant responses.

Participant Activities Pre-Program Post-Program
Tested soil to determine fertilizer rates 17% 78%
Linked excessive nutrients to water quality problems 60% 86%
Considered IPM to be important 42% 62%
Followed a fall fertilization schedule 50% 82%

The survey results showed reductions in fertilizer and pesticide application. The average amount of nitrogen applied to lawns was
reduced by 40 percent, pesticide and water use were reduced by 25 percent, and the volume of yard trimmings sent to the landfill
was reduced by 25 percent.The program is facilitated by a part-time water quality technician and master gardener volunteers. Prince
William County’s operating cost for the program ranges between $5,000-$10,000 annually. Except for the $10 soil test, the program is
free for residents.

More information at http://www.co.prince-william.va.us/vce/enr/enr.htm

WIN STO N 'SA LE MI N C Ultrafiltration for Pollution Prevention

Responsible Agency: Sara Lee Knit Products Corporation Sara Lee Knit Products Corporation produces an array of finished
textiles, many of which include cotton material dyed with reactive
dyestuff. Cotton dying produces large waste streams, composed

mostly of color and salt. The dyestuff has a low affinity to the cotton fabric, even with the help of the salts used to bind the color to
the fabrics. Almost all of the salt and approximately half of the dye ends up in discharges to the sewer system.

To reduce the amount of chemicals purchased and wastewater generated, Sara Lee Knit Products investigated a pilot-scale
ultrafiltration and nanofiltration system. The filtration system separates the salts from other impurities for reuse and generates
a concentrated color waste stream that can be more efficiently treated. The pilot study revealed that the system removes most
pollutants of concern while allowing sodium chloride to remain in the permeate. Also, the polymer treatment scheme applied to
the filtrate was successful and economical.

Projections from the pilot study suggest that the facility, which generates 240,000 gallons per day of wastewater, would reduce its
water use by 120,000 gallons per day and salt discharges by 26,000 pounds per day.The filtration system will remove an estimated
60 percent of the dyestuff and 50 percent of the salt typically discharged. The total capital cost for the filtration and treatment
system would be $990,000 with annual operating costs of $180,000. Savings on salt purchases were estimated at $335,000 annually.
An additional annual savings of $460,000 could be achieved using the color removal process.

Contact: Donald Brown, Sara Lee Knit Products Corporation
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Monitoring, Reporting,
and Public Notification

Overview

Operation and maintenance practices are intended to
enhance sewer system performance and minimize or
reduce the occurrence of CSOs and SSOs and the potential
impacts they have on receiving waters. Monitoring, public
notification, and reporting of CSOs and SSOs and their
impacts do not directly accomplish these objectives, but
they are essential to:

*  Understand sewer system performance and impacts of
CSOs and SSOs on receiving waters;

e Provide the potentially impacted public with
information about overflow locations, specific events,
and performance trends;

*  Improve oversight by the National Pollutant Discharge
Elimination System (NPDES) authority; and

*  Improve operations and maintenance (O&M) program
efficiency.

Monitoring Techniques

Monitoring of both the sewer system and receiving waters
provides valuable information for the operation and
maintenance of sewer systems and the control of CSOs and
SSOs. Monitoring provides knowledge of:

*  The hydraulic characteristics of a sewer system and
how it responds to a range of rainfall events; and

*  The degree of impact caused by CSOs and SSOs on
receiving waters.

Results from monitoring programs can also be used to
track improvements associated with control efforts. The
basic components of a monitoring program include:

e Rainfall;

*  Sewer system flows and overflow frequency, duration
and magnitude; and

*  Water quality in both CSOs and SSOs and receiving
waters.

Techniques for monitoring each of these components are
briefly described below. Additional guidance on monitoring
can be found in Combined Sewer CSOs and SSOs: Guidance
for Monitoring and Modeling (EPA 1999).

Rainfall

Precipitation is the primary cause of CSOs and a
major contributor to SSOs. Consequently, rainfall
measurements are an integral part of a monitoring
program.

Monitoring rainfall is fairly simple and provides
valuable information in assessing the response of a
sewer system to various rainfall events. Advanced
techniques that merge radar data with rain gage data
are available and can provide better rainfall estimates
than either radar or a rain gage can provide alone.

Sewer System Flow

Flow measurements in the sewer system provide
essential information related to the magnitude,
duration, and frequency of CSOs and SSOs. This
information can be used to design structural controls
and to better operate and maintain the system, all in an
effort to reduce CSOs and SSOs. Flow measurements
following construction of controls and improved
O&M practices can be used to assess the performances
of controls and track improvements. Techniques

for measuring flow in sewer systems vary greatly in
complexity, expense, and accuracy.

Manual methods are the simplest technique for
measuring flow and are most useful for instantaneous
flow measurement or for determining whether or not
an overflow occurred during or between measurements.
Manual methods can be labor intensive and do not
provide continuous flow records.

Primary flow devices control flow in a portion of a
pipe such that the flow rate can be calculated from
flow depth. Relationships between depth and flow are
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accurate as long as surcharging or backflow does not
occur. Manual or automatic measurements of the depth
can be made. Depth-sensing devices can be used to
measure water depth behind a primary flow device to
determine flow rates.

Velocity meters use ultrasonic or electromagnetic
technology to sense the velocity of flow in the sewer
system. The velocity measurement is combined with

a depth measurement from a depth-sensing device to
calculate flow rates. Velocity meters can be used without
the need for a primary flow device and in situations
where surcharging or backflow occurs.

Pressurized flow rates can be estimated from the length
of time pumps are on and the specifications for the
pumps. Alternatively, full pipe flow can be measured
using orifices, venturi flow meters, flow nozzles,
turbines, and ultrasonic, electromagnetic, and vortex
shedding meters.

Water Quality
Monitoring water quality in both the sewer system and
receiving waters provides essential information for:

*  Characterizing CSOs and SSOs

°  Assessing the attainment of water quality standards

*  Defining baseline conditions

*  Assessing the relative impacts of CSOs and SSOs
on receiving water quality

Water quality monitoring programs can also be used to
track improvements associated with control efforts.

Data characterizing the water quality in the sewer
system and receiving waters during both dry and wet
weather conditions is needed. The water quality data
can be analyzed to identify pollutants of concern, their
concentrations, and likely sources of such pollutants.
Pollutant concentrations along with sewer system
flows can be used to calculate pollutant loadings to the
receiving waters.

In addition to pollutant characteristics, monitoring in
the receiving waters may include:

*  Biological assessment (including habitat
assessment)

*  Sediment monitoring (including metals and other
toxics)

*  Flow conditions

In many cases, the primary parameter of concern
with respect to CSOs and SSOs will be pathogens,
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represented by an indicator bacteria such as fecal
coliform or E. coli. Observations of floatables,
objectionable deposits, or algal growths may also
provide relative measures of CSO and SSO impacts.
Two distinct types of water quality samples can be
collected:

*  Grab samples: a discrete, individual sample
representing the conditions at one location at the
time the sample is taken.

*  Composite samples: a combination of samples
collected over a period of time from one location
or combination of samples from more than one
specific location.

Grab and composite samples can be collected using
either manual or automatic sampling methods. Manual
samples are collected by a trained individual using

a hand-held container. Automated samplers can be
programmed to collect multiple discrete samples as
well as single or multiple composited samples. Many
automated samplers can be connected to flow meters
that will activate flow-weighted compositing programs,
and some samplers are activated by inputs from rain

gages.

A Quality Assurance Project Plan (QAPP) is an essential
component of any monitoring program to ensure
precise, accurate, and reliable data. EPA guidance for
the development of a QAPP should be followed (EPA
2002¢). The QAPP should address field sampling
methods and protocols as well as laboratory analytical
methods and quality assurance/quality control (QA/
QC). Data management techniques and responsible
personnel should also be addressed in a QAPP.

Public Notification

Public notification programs provide information to the
potentially impacted community regarding the occurrence
of CSO and SSO events and on-going efforts to control

the discharges. The Nine Minimum Controls (NMC)
outlined in EPA’s CSO Control Policy specifically require
implementation of a public notification program to ensure
that the public receives adequate notification of CSO
occurrence and CSO impacts. Public notification programs
can assume a variety of forms, including posting temporary
or permanent signs where CSOs and SSOs occur (Figure 1),
coordinating with civic and environmental organizations,
distributing fact sheets to the public and the media, and
stenciling storm drains. Notices in newspapers are required
to report occurrences of CSOs or SSOs in some states.
Radio and TV announcements may be appropriate for
CSOs or SSOs with unusually severe impacts. Distribution
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of information on websites is another technique that is
rapidly gaining wider use.

Posting Signs

Signs are one of the most common mechanisms used to
communicate the potential hazard posed by CSO and
SSO discharges. Signs can be posted in the area where
the use is affected (e.g., along a beach front) or at select
public places (e.g., a public information center at a park
where recurrent SSOs have occurred). EPA specifically
recommends posting at visible CSO outfalls and in
locations where affected shoreline areas are accessible
to the public. In addition to notifying the public of the
potential risk of exposure to CSO or SSO discharges,
signs may provide contact information for citizens
interested in obtaining additional information or to
submit concerns. Call centers may be established to
receive sign-prompted calls.

b by .

WARNING
Passible Sewage Overllows
\_Buring and Following Heawy Rain |

Figure 1.CSO warning sign (King
County, WA)

Coordinating with Civic Organizations

There are a number of ways that a municipality can
involve public interest or civic and environmental
groups in various aspects of programs to control CSOs
and SSOs. One way is to involve the public in the
process of evaluating technologies for controlling CSOs
and SSOs. Involvement in assessing willingness to pay,
determining the implementation schedule, and selecting
or modifying the method of financing for the controls
are other ways to involve these groups. Public meetings
or hearings allow public interest or civic groups to
officially comment or pose questions to the municipality
regarding a control program.

For example, the State of Wisconsin organized a
workgroup including representatives from state and local
health departments and citizen groups with an interest
in beach health. This group worked to gather data on
beach use and potential sources of contamination. They
also interviewed beachgoers and collected suggestions
for improvement of beach health. As a result of

this program, Wisconsin’s 180 coastal beaches were
categorized into high, medium, and low priority based
on popularity and risk of contamination by sources
including CSOs and SSOs. Higher priority beaches

are tested more frequently, including 25 high-priority
beaches that are tested five times per week. Every day, the
high-priority beaches post one of three signs to advise
beachgoers of water quality for that day — good, poor,

or closed. In addition, bathers can also check a website
to view daily water quality reports for all high-priority
beaches along the Great Lakes.

Distributing Fact Sheets

Another method of outreach to the public is through
the dissemination of fact sheets on CSOs and SSOs.
Municipalities often use these fact sheets to describe
what CSOs or SSOs are, address specific local issues,
and discuss impacts to local water bodies. Local issues
addressed in the fact sheets can include disconnecting
downspouts from the sewer system, local monitoring
programs, and system improvements that are planned
or are being implemented to address CSOs and SSOs.
Fact sheets can also be developed to target specific
commercial or industrial sewer customers encouraging
best management practices, explaining regulatory
requirements, or highlighting important pollution
prevention measures.

EPA’s Office of Wastewater Management has also
developed a series of outreach materials and fact sheets
to help municipalities educate citizens on important
wastewater issues. These materials are available online
at: http://cfpub.epa.gov/npdes/wastewatermonth.cfm.
The materials include space to insert local contact
information for citizens to find more information. Local
governments can inexpensively produce custom versions
of the materials with their own addresses and phone
numbers.

Stenciling Storm Drains

Storm drain stenciling is frequently used in separate
storm sewer systems to educate the public that wastes
disposed of in storm drains flow directly to receiving
waters without treatment. Similarly, municipalities with
CSSs can use storm drain stenciling as part of a public

O&M-23



Report to Congress on the Impacts and Control of CSOs and SSOs

education program (Figure 2). Stenciling the name of
the water body to which the street inlet drains provides
a concrete link to the public to the consequences

of dumping or littering. Storm drain stenciling
programs can also generate useful information for the
municipality. Since cities often have more storm drain
inlets than can be efficiently inspected by city staff,
program volunteers may be asked to note drains than

DUMP NO 'HASTE

IIIMI.IVH TO STREAM

Figure 2. Community education on the
importance of storm drain stenciling (King
County, WA)

are clogged with debris or show signs of dumping.
The municipality can then target these drains for
maintenance.

Reporting

An essential element of a proper O&M program is
documentation of accurate and reliable records related

to CSOs and SSOs. Reporting requirements related to

CSO and SSO events are typically included in the NPDES
permit issued to a wastewater utility. Current reporting
requirements for CSOs and SSOs are not always consistent
from state-to-state; however, reporting typically involves
notifying the appropriate regulatory agencies in a timely
manner after a CSO or SSO event. Several states require
that the duration and frequency of every CSO event be
reported in a discharge monitoring report and submitted
on a monthly basis. Twenty-four hour oral reporting of
SSO events is generally required, and must be followed by a
written report within five days of the SSO event. States may
also require an annual report estimating the volume of CSO
or SSO discharged over the past year, identifying known or
potential water quality impacts, and, in the case of SSOs,
the cause of the spill. Several states compile information
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on reported SSO events in databases or spreadsheets; at
least two states, Michigan and Maryland, publish lists of
reported CSO and SSO events on their websites.

The CSO Control Policy states that the municipality should
submit to the NPDES permitting authority documentation
on the implementation of the NMC. Documentation
should include information that demonstrates:

e The alternatives considered for each minimum control

e The actions selected and the reasons for their selection

*  The selected actions already implemented

* A schedule showing additional steps to be taken

e The effectiveness of the minimum controls in
reducing/eliminating water quality impacts.

The Guidance for Nine Minimum Controls (EPA 1995)
presents examples of the information that should be
documented for the NMCs.

Key Considerations

Responsibility for monitoring, public notification, and
reporting efforts is often shared by a number of agencies
within a single jurisdiction. These can include:

*  Wastewater utility operators

*  City, county, or state health department

e City, county, or state environmental agencies
*  Drinking water providers

*  Public works departments

This potential overlap can lead to a duplication of efforts
(e.g., multiple agencies monitoring water quality conditions
in a single location). Good communication between these
agencies can help ensure cost-effective data collection and

a coordinated response to those CSO and SSO events with
potential to impact the environment or human health.
Other key considerations related specifically to monitoring,
public notification, and reporting are discussed below.

Monitoring

Developing the extent of the monitoring program and
selecting the most appropriate monitoring techniques will
depend on site characteristics, budget constraints, and
availability of trained personnel. The development of the
monitoring program should be closely coordinated with the
NPDES permitting authority to make sure that monitoring
results will be acceptable and satisty the regulatory
requirements. Some specific considerations for monitoring
rainfall, sewer system flow, and water quality are discussed
below.
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Rainfall

Rainfall conditions may vary significantly over a sewer
system. Sufficient rain gages should be located to
provide data representative of the entire study area.
Rain gages should be located in open spaces away

from trees or buildings that may shield the gage from
rainfall. Installing the gages at ground level is preferred,
rooftops are also an option. Police and fire stations

and other public buildings are desirable locations as
vandalism is prevented.

Sewer System Flow

Monitoring flows in sewer systems can be difficult
because of surcharging, backflow, tidal flows, and
the intermittent nature of CSOs and SSOs. Although
some metering installations are designed to operate
automatically, they are prone to clogging in sewer
systems and should be checked as often as possible.

Monitoring locations should be selected to identify
which structures in the sewer system limit hydraulic
capacity and should target portions of the system
that are most likely to have CSOs and SSOs or receive
significant pollutant loadings. A representative range
of land uses and basin sizes should be monitored. As
many overflow outfall locations as possible should be
monitored with an emphasis on discharges to sensitive
areas. Flow measurement devices can be rotated
between locations to obtain more comprehensive
coverage of the sewer system.

For CSOs and SSOs dependent on rainfall, a sufficient
number of storms should be monitored to accurately
predict the sewer system’s response to a range of rainfall
conditions.

Water Quality

Flow-weighted composite samples should be collected
from the sewer system or outfalls to determine the
average pollutant concentration from an overflow
event (also known as the event mean concentration or
EMC). Discrete samples from the same location over
the course of an overflow can help determine whether
a pattern of pollutant concentration exists, such as a
first-flush phenomenon. A range of rainfall events and
receiving water conditions should be monitored.

In developing a water quality monitoring plan, the
location and impacts of all sources of pollutant
loadings should be considered, and monitoring
locations should be selected to isolate the impacts
from CSOs and SSOs as best as possible. Monitoring to
characterize the pollutant loadings from sources other
than CSOs and SSOs may be needed. Sensitive areas

should be given priority for monitoring, such as waters
with drinking water intakes or recreational uses. The
implementation of water quality monitoring programs
should be a high priority at beaches or recreational
areas directly or indirectly affected by CSOs and

SSOs due to the increased risk of human contact

with pollutants and pathogens. Finally, the safety and
accessibility of monitoring locations should be given
consideration.

One of the key considerations related to conventional
water quality monitoring is the lag time between
collecting water samples and providing the public

with results. This lag is due to the time it takes (from
24 to 72 hours) to test for the presence of bacterial
indicators of CSO or SSO contamination. During this
time, pathogen levels, weather, and water conditions
may change, and related environmental or human
health risks may also change. This means that decisions
regarding beach and recreational water postings,
closings, and reopenings using bacterial indicators
often reflect conditions as they were one to three days
earlier (EPA 2002). Further, contaminants may no
longer be present once test results are available and
safe beaches may be posted needlessly. Recent studies
of southern California beach closures showed that 70
percent of the postings of water quality exceedences last
less than one day, meaning that water quality is likely to
have already returned to acceptable levels by the time
laboratory results are available and warning signs are
posted (Leecaster and Weisberg 2001).

To address this time lag problem, a number of
municipalities are using time-relevant water quality
monitoring and receiving water quality models. These
techniques seek to shorten analysis times, use quicker
predictive methods, and communicate water quality
information to the public on a timely (e.g., near-daily)
basis so the public can make more informed decisions
regarding recreational water use (EPA 2002). Specific
activities undertaken to support these objectives
include monitoring more frequently or at additional
locations, using analytical methods that provide
results sooner, using a predictive model to supplement
monitoring, and improving public notification
programs.

Public Notification

The principal advantage of a public notification program

is the potential to reduce exposure of the general public to
health risks associated with exposure to CSOs and SSOs.
Well-designed public notification programs also offer
wastewater utilities an opportunity to educate customers
and seek assistance from the public in identifying problems,
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such as dry weather CSOs and SSOs. It can be challenging,
however, to interest and involve the public in municipal
efforts to control CSOs and SSOs.

Public notification programs may be developed
cooperatively with other agencies and organizations
including city, county, or state health departments;
shoreline owner associations; boating and fishing
associations; or local planning and zoning authorities.
Cooperative efforts can be a valuable mechanism for
leveraging resources, as well as enhancing the quality,
credibility, and success of public notification programs
(EPA 2002). Experience shows that it may also be valuable
for the wastewater utility to establish a relationship with
the local media to help promote efforts to control CSO

and SSO events, as well as to distribute time-relevant
recreational water quality information. More extensive
experience working with the local news media can also help
ensure minimal misinterpretation regarding the occurrence
of CSO and SSO events.

The public is often not interested in the details behind

the monitoring project, but rather if the water body is

safe to use. Therefore, it is important that information

is disseminated in a clear and concise format so that

the public can consider the relative risk associated with
exposure to the water body. Unless beachgoers are informed
about current water quality conditions in a particular

area, they will be unable to make informed choices about
destinations or how to avoid exposure to pollutants, if
necessary.

Reporting

The timely reporting of CSO and SSO events is a regulatory
requirement; therefore, penalties are assessed for failing to
report. It is important to maintain regular communication
with the regulatory authority to ensure that submissions
comply with permit requirements and meet the
expectations of the permitting authority.

As municipalities, NPDES permitting authorities, and

the public undertake efforts to control CSOs and SSOs,
consideration should be given to developing and reporting
on performance measures such as:

*  End-of-pipe measures that show trends in the
discharge of CSOs and SSOs, such as reduction in
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pollutant loadings and the frequency, duration, and
magnitude of CSOs and SSOs;

*  Receiving water measures that show trends in relevant
water quality parameters, such as bacteria and
dissolved oxygen concentrations; and

*  Measures of the use of the receiving waters including
beach closures, shellfish bed closures, and fish
populations.

*  Administrative measures that track programmatic
activities;

Reporting on performance measures will allow
municipalities, states, and EPA to demonstrate the benefits
and long-term success of CSO and SSO control efforts.

Cost

The cost of monitoring will vary greatly based on the size
and complexity of the sewer system and receiving waters,
the number of CSO and SSO events that occur, and the
techniques used. The costs of monitoring can be significant,
especially for a large sewer system, a large number of
outfalls, or frequent occurrences of CSO or SSO events.

A small scale monitoring program may necessitate more
conservative assumptions or result in more uncertainty
when reporting on overflow events and when selecting

and designing CSO or SSO controls. It should be noted
that large sums of money spent on monitoring should be
avoided if the additional data will not significantly enhance
understanding of how a sewer system responds to a range
of rainfall events, and to what extent receiving waters are

impacted by CSOs and SSOs.

Analysis of water samples for the presence of indicator
bacteria typically costs about $35 per sample (EPA 2003).
Bacteria data tend to be highly variable; therefore, samples
may need to be collected in duplicate or triplicate from a
single location. Additionally, if a CSO or SSO event occurs
over an extended period of time, multiple samples may
need to be collected over time.

EPA believes that, in general, costs for public notification
programs should be nominal (EPA 1995), but will vary
with the size of the potentially-impacted population. Costs
for reporting should be nominal as well, if a well-designed
O&M plan is carried out.
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Implementation Examples

NARRAGANSETT BAY, RI

Responsible Agency: Rhode Island Department of Health
Population Served: 360,000

CSOs have historically caused use restrictions in large
areas of the upper Narragansett Bay. There are several
beach areas in the upper bay that are used by the
public for swimming, diving, and water skiing. The
occurrence of recreational use in areas with use restrictions is a public health concern.

To address this public health issue, the Rhode Island Department of Health’s (RIDOH's) Beaches Monitoring Project samples 23
sites in the upper bay. RIDOH conducts weekly beach monitoring from mid-May through mid-September to coincide with the
summer beach season.Beaches are closed based on exceedances of bacterial water quality standards. RIDOH also closes beaches
preemptively, without waiting for sampling results, if a CSO or SSO occurs near a beach.|f a beach is closed because of high bacteria
levels, it is resampled daily until bacteria levels fall below the water quality criteria. The beach is reopened if five consecutive
samples are collected at least 24 hours apart that are at or below the bacterial water quality standard. Upon reopening, at least
three samples are collected each week for three months.The public is notified of beach closures using the following procedures:

o Appropriate municipal and state officials are notified
] An advisory or closure notice is posted at the beach, as needed
o A press release is issued and the project website and hotline are updated with current conditions

Many of these sites sampled were found to display consistently poor water quality, exceeding the state bacteria standard more
than 50 percent of the time.

More information at: http://www.health.state.ri.us/environment/beaches/index.html|

KING COUNTY, WA

Responsible Agency: King County Wastewater
Treatment Division

Population Served: 1.3 million
Service Area: 420 sg. mi.

The King County Wastewater Treatment Division works jointly with the

Seattle Public Utilities and the Seattle-King County Health Department in

posting warning signs at CSO locations and undertaking public outreach.

The Health Department maintains a CSO information line and website to

Sewer System: 275 mi. of sewer answer any health concerns about CSOs or questions such as, “How long

does water stay contaminated after a discharge?”In early 1999, King County

and the City of Seattle posted signs near CSO outfalls. The signs warn people

not to swim or fish at these outfalls during or following rainstorms.The signs also include the phone number of the CSO Information

Line operated by the Seattle-King County Health Department.The Health Department recommends that people not go in the water
near these signs for 48 hours after a heavy rain.

Contact: Bob Swarmer, King County Wastewater Treat,emt Division
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PITTSBURGH/
ALLEGHENY COUNTY, PA

Responsible Agency: Allegheny County Health Department The Allegheny County Health Department (ACHD)
Population Served: 850,000 implemented a public notification program designed to
warn the public of possible river contamination as a result
of CSO events, and advise limited contact while engaging
Sewer System: 85 mi. of interceptor sewer in recreational activities on the river during periods
immediately following wet weather events. The frequency
and duration of the alerts varies depending on the amount of
rainfall. ACHD publishes river water advisories in local newspapers and produces public service announcements on local television
stations to educate the public of the dangers attributable to the CSO discharges. When an alert is in effect, marinas, docks, and other
sites along the rivers fly an orange-colored flag with black CSO lettering. Thirty-four sites participated in the program during the 2003
recreation season - seventeen on the Allegheny River, eight each on the Monongahela and Ohio Rivers,and one on the Youghiogheny
River.The flags are lowered when “safe” levels have returned.The public can also call the river water advisory hotline or visit the ACHD
website to obtain updates 24 hours a day.

Service Area: 311 sq. mi.

Thirteen alerts were issued during the wet summer of 2002, lasting 83 days altogether or an average of six days each. By contrast,
during the dry summer of 1999, 11 alerts were issued and lasted a total of 33 days or an average of three days each.

More information at http://www.achd.net/

BOSTON, MA

One of the monitoring objectives of the Charles River Basin/Boston Harbor
Beaches Project was to develop a predictive model that would supplement the
water quality monitoring program and provide quick, conservative estimates
of bacteria levels at four Boston Harbor beaches.The four beaches are sampled
seven times per week; rain gages have been installed close to the beaches.
Analysis of data collected at the beaches showed that the previous day’s rainfall was a better predictor of water quality than the
previous 24-hour bacteria measurement. Therefore, a simple rainfall model was developed for each of the beaches, and combined
results from the rainfall model and bacteria monitoring are used to determine when to post the beaches.Beaches are reopened only
when monitoring results indicate attainment of the bacterial water quality standard.The project uses several different types of public
notification techniques to communicate the results of the monitoring program.These include:

Responsible Agency: Charles River Watershed
Association, Metropolitan District Commission,
and Massachusetts Water Resources Authority

*  Availability of daily water quality conditions on the Metropolitan District Commission website

*  Atelephone hotline that provides updated water quality conditions for Boston Harbor beaches on a daily basis
throughout the beach season

*  Posters, water bottles,and brochures that explain and highlight the beach monitoring program

*  Notification and other communications with the Massachusetts Department of Public Health and local boards of health

More information at http://www.crwa.org
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Sewer system maintenance practices (NJ Dept. of Environmental Protection).

ANOLOQ

Maximizing Flow to
Treatment Plant

Overview

Maximizing the amount of wet weather flow transported
to the wastewater treatment plant (WWTP) is a common
technique for reducing the volume and frequency

of CSO and SSO discharges. Maximizing the use of
existing facilities to treat wet weather flows that would
otherwise overflow without treatment is constructive in
all circumstances. The various technologies available for
maximizing the amount of flow conveyed to the WWTP
include minimum measures that can be implemented
without capital investment, and more capital intensive
projects that require planning, design, and construction.

Maximizing flow to the WWTP is one of the nine
minimum controls (NMC) established under EPA’s 1994
CSO Control Policy. As an NMC, maximization of flow

to the WWTP includes measures that do not require
significant engineering studies or major construction.
Simple modifications to existing facilities such as
adjustment of regulators to divert more flow to the WWTP
can be done rather inexpensively. The CSO Control Policy

Table 1. Considerations in maximizing flow to the WWTP.

also encourages municipalities to consider use of WWTP
capacity for CSO control as part of developing a long-
term control plan (LTCP). In doing so, municipalities may
consider more capital intensive measures to maximize the
wet weather flow delivered to the WWTP, including pump
station enhancements and construction of relief sewers in
areas with insufficient system capacity.

Many of the techniques for maximizing flow to the WWTP
specifically referenced and expected for combined sewer
systems (CSSs) have broad utility and can also be applied
to sanitary sewer systems (SSSs). EPA recommends that
the measures listed in Table 1 be considered as part of any
effort to maximize flow to the WWTP (EPA 1995).

Effective implementation of controls to maximize flow

to the WWTP requires a thorough understanding of the
sewer system and how it functions during wet weather. This
often includes a concurrent assessment of the sewer system
and treatment plant operations to ensure that increased
flows do not have adverse consequences, such as flooding
within the system or at the WWTP, or upset of biological

Location Measures

Sewer System
treatment plant.

Determine the capacity of the major interceptor(s) and pumping station(s) that deliver flows to the

Treatment Plant

Develop cost estimates for any planned physical modifications and any other additional operations

and maintenance (O&M) costs at the treatment plant due to increased wet weather flow.

Compare the current flows with the design capacity of the overall facility, as well as the capacity of
individual unit processes. Identify the location of available excess capacity.

Determine the ability of the facility to operate acceptably at incremental increases in wet weather
flows and estimate the effect on the WWTP’s compliance with the effluent limits in its permit.

For example, increased flows may upset biological processes and decrease performance for an
extended period after the wet weather flows have subsided.

Determine whether inoperative or unused treatment facilities on the WWTP site can be used to

store or treat wet weather flows.

Analyze existing records to compare flows processed by the plant during wet weather events and
dry periods and determine the relationships between performance and flow.
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treatment processes. This technology description is focused
on the modifications and operational changes within the
sewer system. Specific measures discussed include:

*  Regulator adjustments

*  Pump station operation and maintenance practices
*  Sewer system operation and maintenance practices
*  Conveyance capacity evaluations

*  Real-time control and monitoring

Additional information on optimizing WWTP
performance during periods of wet weather is presented
in the “Plant Modifications Technology Description” in
Appendix B of the 2003 Report to Congress on the Impacts
and Control of Combined Sewer Overflows and Sanitary
Sewer Overflows.

Regulator Adjustments

Simple modification to regulating devices in CSSs,
such as weirs, can be useful in maximizing flow to

the WWTP. Adding stop planks or raising brick/
concrete weirs through the construction of either
temporary or permanent structures, can increase the
volume of wet weather flows stored in the CSS and
eventually delivered to the WWTP for treatment. Such
modifications should be made incrementally with
careful observation of resultant changes in wet weather
flow patterns in the CSS to prevent flooding.

Pump Station Operation and

Maintenance Practices

Routine pump station O&M can also improve the
conveyance of wet weather flows to the WWTP;

this includes regular maintenance of pumps and
accessories, as well as periodic cleaning of wet wells

to remove grit, scum, and debris. Where emergency
generators are provided, generators should be exercised
weekly (NYSDEC 2003). Automatic transfer switches
for transferring power from emergency generators

or backup utility power feeds should be tested and
exercised periodically. To be sure that all equipment

is ready for service when wet weather arrives, regular
maintenance of all equipment should be provided in
accordance with the manufacturer’s recommendations.
In addition to routine O&M, more detailed assessment
of pump station performance can be made to ensure
that the maximum flow is delivered to the WWTP.
These include evaluating whether the pumps are
currently able to achieve their rated pumping capacities
and whether improved wet weather operating
procedures would increase the flow volume delivered
to the WWTP. Rehabilitation or replacement should be
considered for pumps that are no longer able to achieve
their rate pumping capacity. Wet weather operating
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procedures can include adjustment to pump stations
and their control systems to increase in-system storage
during wet weather. For example, if the inlet sewer to
the pumping station is not normally submerged and
has available storage capacity, pump controls can be
adjusted to allow the wet well level to rise above the
feed pipe elevation, resulting in storage in the sewer
system (NYSDEC 2003).

Sewer System Operation and

Maintenance Practices

Operations and maintenance activities are necessary
for sewer systems to function as designed and to deliver
the maximum flow possible to the WWTP. Over time,
sewer systems can deteriorate structurally or become
clogged through the introduction of oil and grease and
other obstructions into the sewers. Grit buildup reduces
the hydraulic capacity of sewers and interceptors

by reducing the cross-sectional area and increasing
frictional resistance.

O&M practices include pollution prevention, sewer
cleaning, monitoring, testing, inspection, and repair or
rehabilitation. These activities enhance sewer system
performance and are important for maintaining
conveyance capacity. Some states include specific O&M
requirements in NPDES permits for sewer systems in
order to maximize the transport of wet weather flow to
the WWTP for treatment. For additional information
on proper O&M, see the series of O&M Technology
Descriptions in Appendix B of the 2003 Report to
Congress on the Impacts and Control of Combined Sewer
Overflows and Sanitary Sewer Overflows.

Conveyance Capacity Evaluations

Quantifying sewer system transport capacity is
valuable for communities seeking to maximize flow to
their WWTPs. Evaluating transport capacity involves
determining the maximum amount of flow that can
be transported by the primary trunk sewers and
interceptors without raising water elevations in these
sewers to levels which increase the risk of basement or
street flooding (Sherrill et al. 1997).

Models, varying from simple to complex, are
commonly applied to rate a sewer system’s transport
capacity. Historical information can be used to identify
target water levels within the system that do not cause
problems such as SSOs, basement backups, or street
flooding. Transport capacity is determined through
evaluation of modeled flows at flow rates less than or
equal to the target water levels. Interceptor sewers and
trunk lines are usually rated separately.
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It is important to consider site-specific characteristics
of the sewer system when evaluating conveyance
capacity. Conveyance of flow through a sewer is
dependent on the difference in water level from the
upstream to the downstream end, pipe slope, sewer size
(length, shape, and cross-sectional area), and roughness
characteristics. Under ideal conditions, a single sewer
pipe may be able to convey flow at its entire capacity.
However, real-system boundary conditions such as
river elevations, downstream sewer capacities, regulator
capacities, and pump station wet well levels will affect
the transport of flow (Sherrill et al. 1997).

The presence of bottlenecks in a sewer system is also

an important consideration in conveyance capacity
evaluations. Bottlenecks may occur at any point in the
sewer system; they limit the amount of flow that can be
transported to the WWTP for treatment during periods
of high flow. Chronic bottlenecks typically occur as a
result of insufficient interceptor capacity that causes
flow to backup in connecting sewers. An example of

a bottleneck resulting from insufficient interceptor
capacity during a wet weather event is presented in
Figure 1. As shown, the hydraulic response to the
bottleneck is a decrease in flow velocity and an increase
in water level. In acute situations, water levels increase
until they rise above an overflow point (in this case the
manhole rim) and an SSO occurs (ASCE 2000). Both
velocity and water level return to normal once the high
wet weather flow rates subside.

4 N\
I Manhole rim elevation /\
£
< Depth
] — Dep
% — Velocity
C
©
o
>
(]
-
E /\/\/\/\/v
©
=
Increase inTime —
. J

Figure 1. Schematic showing water levels and velocity
conditions at a manhole when a bottleneck
occurs (ASCE 2000).

Bottlenecks may also occur when the sewers delivering
flow to the WWTP have less capacity than the
individual unit processes at the plant. For example, if
interceptors leading to the WWTP have a conveyance
capacity of 50 MGD, yet unit processes (e.g., primary

treatment, secondary treatment, and disinfection) at
the plant can treat 75 MGD, a hydraulic bottleneck
exists in the sewer system. This bottleneck prevents
the treatment capacity of the plant from being fully
utilized. In order to maximize flow to the WWTP,
bottlenecks need to be reduced or removed. Potential
modifications include (Field et al. 1994):

e Increasing interceptor, pumping station, and/or
trunk line transport capacity by replacing,
rehabilitating, or adding parallel sewer
components;

*  Injecting polymers into the sewer system to reduce
sewer roughness and increase carrying capacity in
surcharged areas; and

*  Improving operations and management
procedures to remove obstructions.

Real-Time Control and Monitoring

Monitoring and the use of real-time control
technologies can also assist in maximizing flows to

the WWTP. An effective monitoring program that
gathers information on rainfall, flow, and storage

at major hydraulic control points enhances the

overall understanding of system performance. In

SSSs, enhanced monitoring information can be used
operationally to identify blockages or rainfall induced
SSOs. In CSSs, the linkage of real time flow, regulator,
pump, and storage information can be used effectively
to maximize use of the sewer system for storage and to
maximize flow to the WWTP for treatment. Additional
information on real-time control technologies is
presented in the “Monitoring and Real-Time Control
Technology Description” in Appendix B of the

2003 Report to Congress on the Impacts and Control

of Combined Sewer Overflows and Sanitary Sewer
Overflows.

Key Considerations
Applicability

Maximizing flow to the WWTP requires attention to both
regulatory issues (e.g., NPDES permit requirements) and
technical considerations (i.e., conveyance and treatment
capacity). WWTPs are generally subject to EPA’s secondary
treatment regulations. Secondary treatment requirements
specify effluent concentration limits for biochemical
oxygen demand (BOD) and total suspended solids (TSS),
as well as a minimum removal percent (85 percent). These
requirements are enforceable conditions in WWTP permits.
The regulations provide some flexibility for WWTPs in
communities receiving elevated flows (and more dilute
influent) during wet weather by allowing for waivers of the
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percent removal requirement. Waivers are not available, backups or street flooding. For these reasons, both sewer
however, from effluent concentration limits (EPA 1995). system and WWTP capacity issues should be evaluated
Therefore, the optimal volume of wet weather flow when implementing this control (see Table 1).
transported to the plant may be constrained by provisions

in existing discharge permits and the ability to modify Cost

rovisions for increased flows during wet weather events. e
P & Maximization of flow to the WWTP can be a very cost-

effective technique for controlling CSOs and SSOs. This
control seeks to optimize use of existing sewer system and
treatment plant capacity, which can lessen the need for
construction of new facilities. The value of maximizing
flow to the WWTP is dependent on the system-specific
availability of underutilized conveyance and treatment
capacity. Although some cost increases can be expected for
WWTP operation, optimizing the use of existing facilities
is likely to be more cost-effective than construction of
structural controls at one or more upstream locations.

Understanding the link between sewer system and

WWTP operation can be the difference between effective
treatment of wet weather flows and adverse environmental
and financial consequences. Operational and structural
modifications to maximize flow transport to the WWTP
should only be made if the WWTP can accept the increased
flows. Otherwise, consequences may include flooding

the treatment plant and reducing treatment efficiency at
the plant for extended periods of time. Likewise, changes
in sewer system operation without a careful analysis of
transport capacity could result in an increase in basement

Implementation Examples

PH I LADELPH IA, PA /\/Iaximizing Conveyance Capacity

Responsible Agency: Philadelphia Water Department
Population Served: 2.1 million

The first phase of the Philadelphia Water Department (PWD) CSO
strategy focused on the implementation of the nine minimum

Service Area: Not Available controls (NMC), including increasing the transport of flow to the
Sewer System: 1,600 mi.of combined sewer;1,200 mi. WWTP for treatment.To garner information for PWD'’s NMC program
of separate sanitary and storm sewer (and eventually the long term control plan), PWD instituted a

$6.5 million project to upgrade its comprehensive system flow

monitoring network in its three drainage districts. This flow
monitoring program provided information to monitor system performance and enhance operation of the system through existing
infrastructure (PWD 1997).

PWD also took steps to maximize flow to their wastewater treatment facilities in the second phase (capital improvement) of their
CSO program. For example, analysis of the Northeast Drainage District Collector System, which conveys flow from almost half of
the combined sewer area, showed that sewer operation modifications could significantly increase the volume of wet weather
flow transported for treatment. Potential modifications included (1) reduction of hydraulic constraints in the system that limit
the conveyance capacity of the sewers; and (2) modification of large sewers to provide additional wet weather flow storage and
conveyance capacities.

PWD has implemented a range of projects to maximize conveyance to their treatment plants including adding a real-time control
system, replacing pipes and raising dams at regulators, and cleaning and modifying the hydraulic control point regulators along the
main level gravity sewers. A major goal of PWD’s LTCP strategy also includes optimizing interceptor sewer system performance by
maximizing the conveyance capacity of existing interceptors. Example projects are provided below.

*  Somerset Interceptor Conveyance Improvements: Removal of grit, sediment, and debris from the interceptor enabled the full
hydraulic capacity of the interceptor to be utilized, allowing for increased capture and representing an approximately 10
percent reduction in CSO volume.The project budget was $300,000.

e Cobbs Creek Low Level Control Projects: Grit accumulation reduced the hydraulic capacity in an interceptor that conveys flow

to the low-level pumping station.The grit was removed; flow was also rerouted with a 30-inch pipe, increasing the capacity
from 11.8 MGD to15 MGD.This project was completed at a cost of $200,000.

More information at http://www.phila.gov/water/
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DET RO'T, Mi Assessing Transport Capacity

Responsible Agency: Detroit Water and
Sewage Department

Population Served: 3 million

The WWTP for the City of Detroit receives wastewater via three interceptors. The city
conducted an extensive study which rated its sewer system for both conveyance and
storage of combined sewage. Rating the conveyance capacity involved determining
Service Area: 921 sq. mi. the maximum amount of flow that can be transported by the primary trunk sewers
Sewer System: 3,000 mi. of sewer and interceptors without raising water elevations in these sewers to levels that
increase the risk of basement or street flooding. Historical information was used to
establish these water levels throughout the CSS.In addition, design data at specific locations were used, and detailed risk evaluations
were conducted at specific locations in the system.

System rating included use of the Greater Detroit Regional Sewer System model to simulate flow throughout the sewer system for
a range of storm events. Target water levels determined from the historic information were compared against the resulting water
levels produced by the model.Flow rates, which predicted water levels equal to or less than target water levels, were used to establish
the transport ratings. Trunk sewers and four interceptor sewers were rated separately (Sherrill et al. 1997).

More information at http://www.wadetrim.com/resources/pub_conf_collrate.pdf

BOSTON: MA Elimination of Bottlenecks and System Optimization

Responsible Agency: Massachusetts
Water Resources Authority
Population Served: 2.5 million

Massachusetts Water Resources Authority’s (MWRA) CSO plan was developed as part

of an overall master plan that recommended interceptor system projects to eliminate

bottlenecks that contribute to CSOs and to optimize existing facility operation

Service Area: 228sq. mi. during wet weather. Between 1988-2000, several transport-related projects were

Sewer System: Not Available conducted to maximize wet weather flow conveyance to Deer Island Treatment

Plant. This included rehabilitation of trunk sewers, improved pumping at Deer Island

Treatment Plant, replacement of other pump stations within the collection system,

and construction of a new pumping station. This component of MWRA's CSO program provided reductions in CSO discharge from
approximately 3.3 billion gallons (BG) annually in 1988 to approximately 1.0 BG in 2000 (VWRA 2000).

More recently, MWRA has begun work on the Braintree-Weymouth Relief Facilities Project. This project will expand and improve the
Braintree-Weymouth System, which is MWRA's network of sewer pump stations, interceptors,and siphons that serves six Boston area
communities. Wastewater generated by the six communities currently must pass through the Braintree-Weymouth pump station.
The 54 MGD capacity at this pump station, however, is not sufficient to handle peak flows and presents a hydraulic bottleneck.The
project will increase the Braintree-Weymouth System'’s peak flow capacity by approximately 19 MGD, streamlining the flow route
from South Shore communities to the Nut Island Headworks and the Deer Island Treatment Plant. Specifically, the project includes
constructing an intermediate pump station and a multi-use deep rock tunnel, replacing and rehabilitating the Braintree pump
station,and adding new interceptors and siphons.The total project cost is estimated at $150 million (MWRA 2001).

More information at http.//www.mwra.state.ma.us
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Real-time monitoring of a sewer system (MMSD).

ANOLOQ

Monitoring &
Real-Time Control

Overview

Effective monitoring programs enable evaluations of
diurnal and day-to-day flow patterns as well as inflow and
infiltration (I/I) in the system. Such programs also provide
a basis to assess the need for, or effect of, maintenance
efforts. Monitoring has the potential to provide insight
into operational issues and problems, including the
identification of CSO and SSO events, in a timely
manner. Moreover, monitoring is valuable in establishing
maintenance schedules, in developing hydraulic models
for planning related to capital improvements, and for
regulatory compliance.

In sanitary sewer systems (SSSs), enhanced monitoring
information can be used operationally to identify blockages
or capacity constrained areas of the system where wet
weather SSOs may occur. The use of rainfall-derived
infiltration and inflow (RDII) quantification methods can
also serve as a predictive tool to control SSOs. In combined
sewer systems (CSSs), the linkage of real-time flow,
regulator, pump, and storage information can effectively
maximize use of in-system and off-line storage facilities
and maximize flow to the treatment plant. It should be
noted that real-time control can also have substantial value
in some SSSs (e.g., those sized for future growth or I/I).
However, for practical as well as operational purposes,
enhanced monitoring is discussed herein as an SSO control,
and real-time control is discussed as a CSO control.

Enhanced Monitoring

Enhanced monitoring takes routine monitoring of
system conditions a step further by using monitoring
information to track patterns and guide operations and
maintenance (O&M) decisions. Enhanced monitoring
generally consists of a network of rain gages, flow
meters, pump station, and storage measurement
devices that are fully integrated into an information
management system. The components of the
information management system can include:

*  Hardware to measure system conditions (i.e.,
rainfall, sewer flow, pumping rate, storage level,
etc.);

*  Software, a central processor, and work stations
to house management programs and to track,
analyze, and display system information;

*  Reporting mechanisms for compliance purposes;
and

e Established procedures to respond to problems as
they are identified.

In practice, enhanced monitoring is typically applied
systemwide as an SSO control. Abnormal wastewater
flow patterns indicative of a blockage, pump station
failure, or excessive I/I can be detected automatically.
In sewer systems with enhanced monitoring programs
(e.g., flow monitoring alarm systems), problematic
conditions and blockages may be identified in advance
so that prompt attention and repair may prevent SSOs
from occurring. In cases where SSOs have already
occurred due to blockage or power failure, early remote
detection by an enhanced monitoring network can
lead to a prompt response that minimizes the volume
and duration of the overflow as well as any potential
environmental and human health impacts. Enhanced
monitoring can be an economical way to identify

and track SSO events that were previously largely
unpredictable.

RDII Quantification

During dry weather, flow in SSSs primarily consists of
domestic, commercial, and industrial wastewater mixed
with some groundwater infiltration. During periods of
rainfall and snowmelt, however, dramatic increases in
wastewater flows are often noted and can contribute

to SSOs and increased treatment costs. The portion

of sewer flow above normal dry weather flow is called
RDII. Most communities served by SSSs are challenged
to find effective means for predicting sewer system
response to wet weather events; enhanced monitoring
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programs often exceed their financial and staffing
capabilities (WERF 1999).

RDII quantification methods are a tool for estimating
the magnitude (frequency, location, and volume) of
RDII and can inform efforts to improve sewer system
performance. RDII quantification often precedes the
development of enhanced monitoring programs

The Water Environment Research Federation (WERF)
recently funded an extensive study that identified eight
RDII hydrograph generation or RDII quantification
categories (WERF 1999):

*  Constant unit rate methods

*  Percentage of rainfall volume (R-value) methods

*  Percentage of streamflow methods

e Synthetic unit hydrograph methods

*  Probalistic methods (frequency analysis of peak
RDII)

e Predictive equations based on rainfall/flow
regression

*  Predictive equations based on synthetic streamflow
and basin characteristics

*  RDII as a component of hydraulic software

These methods were tested under varying climatic and
sewer operation conditions. With the goal of improved
prediction and control of SSOs, the study found that
no single RDII quantification method was universally
applicable. Availability of data and experience of the
research team were among the factors that influenced
the usefulness of each method (WERF 1999).

A hydraulic (routing) analysis, which models the
existing sewer system’s ability to transport RDII, is
recommended with RDII quantification to determine
where SSOs will likely occur in the system. Once
problems are characterized, RDII methods may also
be used to evaluate and size appropriate control
technologies and capacity relief scenarios. Because the
same storms (including the same antecedent conditions
and rainfall distributions) are unlikely to occur before
and after controls are implemented, sewer system
evaluations must rely on RDII quantifications (WERF
1999).

Real-Time Control

Real-time control seeks to optimize sewer system
performance during wet weather events as flow

and storage conditions change within the system.
Many of the same information management system
components described as part of enhanced monitoring
are also required for real-time control. Real-time
control is typically most applicable in CSSs, as these

systems tend to have substantial in-system storage in
large pipes designed to transport excess wet weather
flows. In addition to large pipes, CSSs may also have
additional storage space (e.g., tunnels and tanks)

that can be incorporated into a real-time control
strategy. Maximizing system performance may lead to
substantial savings in capital improvement programs
if evaluated during the development of a long-term
control plan (LTCP) (Field et al. 2000). Using feedback
loops and rules to optimize storage, pumping, and
treatment, real-time control technologies are capable of
reducing the frequency, duration, and volume of CSOs
through optimization of sewer system operations.

CSSs that use real-time control technology have system
regulator elements such as weirs, gates, dams, valves, or
pumps that can function in a real-time environment.
Real-time control systems rely on monitoring data and
use a customized software program to operate regulator
elements without a significant time delay. Figure 1
shows a monitoring network used to operate a real-
time control system.
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Figure 1. Schematic of a monitoring network.

The regulator elements function according to operating
rules that are generally based on flow level, storage, or
pumping rates monitored at points within the CSS. In a
simple example, a regulator element can be controlled
locally based on conditions that are monitored within
the vicinity of that element. Alternatively, in a more
complex example, global control of regulator elements
would rely on a centralized control device that analyzes
system-wide monitoring data. Centralized control
systems can rely on either human operators or fully
automated computer controls. Real-time control
regulators that operate based on monitoring inputs are
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referred to as reactive systems. Predictive systems, in
contrast, include additional forecast data in the control
process. Some predictive real-time control systems
include a sewer system model as a component of the
control device. In some instances, rainfall forecasts have
been used successfully to optimize system operations in
anticipation of rainfall.

Key Considerations
Applicability

The use of enhanced monitoring and real-time control

is consistent with the goals and objectives of many O&M
programs and EPA’s 1994 CSO Control Policy. Enhanced
monitoring and real-time control can be used to ensure
that the public receives adequate notification of CSO and
SSO events and potential impacts. Further, use of real-time
control technologies for CSO control addresses two of the
nine minimum controls (NMC). These are: maximizing
use of the sewer system for storage; and maximizing

flow to the wastewater treatment plant. In comparison,
RDII quantification methods have lesser information
requirements than enhanced monitoring techniques. RDII
hydrograph generation methods can be used to predict
RDII in different portions of an SSS and to evaluate source
control scenarios, and in some cases, to develop enhanced
monitoring programs.

Enhanced Monitoring

Sewer system monitoring is an essential component

of an O&M program in most systems. An enhanced
monitoring network utilizes fact-based knowledge

to optimize sewer system performance. Enhanced
monitoring can be used to determine the magnitude

of the I/ and to better define locations where it is
occurring. It can also provide direction for maintenance
activities, detection of illicit storm water connections to
the SSS, and in some cases, the detection of SSO events.

The size and complexity of the monitoring network
usually depend on the size and complexity of the
sewer system as well as financial considerations. In
general, automated monitoring technologies are more
applicable in larger systems, while simpler monitoring
devices are better suited to smaller systems. In either
case, the use of enhanced monitoring techniques

can lead to better decisions on capital improvements
required for wet weather control facilities.

Many municipalities have supervisory control and

data acquisition (SCADA) systems already in place,
which can be operated in an enhanced monitoring

role if they are linked to broader information

technology management systems. The information
collected by existing SCADA systems is often used
locally rather than globally. Sharing relevant SCADA
system information among many linked facilities as
part of an information management system makes
the information more meaningful; it also presents
opportunities for detection of SSOs that would not
otherwise exist.

RDII Quantification

Many communities do not have the resources necessary
to implement enhanced monitoring programs.
However, over-reliance on limited data and/or the
rough interpretation of monitored flows can lead to
oversimplification of RDII causes and implementation
of inadequate control technologies. Selection of an
appropriate technique for estimating RDII is critical.
Usefulness of a given RDII quantification method
depends on availability of data, experience of the
analysis team, and purpose of the RDII evaluation

(e.g., source control evaluation). Further, regardless of
the RDII method selected, WERF (1999) found that
testing on multiple storms is necessary to evaluate the
true potential of the RDII quantification method for
extrapolation or comparison with other wet weather
events. Table 1 presents a number of factors that may
confound the interpretation of monitoring data in SSSs.

Real-time Control

Real-time control, in general, works best for CSO
communities with populations greater than 50,000.
Local, rather than centralized, real-time control systems
may be cost-effective for smaller CSO communities
with limited control points. Real-time control tends
to be more effective in areas with level, as opposed
to steep, terrain where it is more practical to store
wastewater in existing sewers. Further, a CSS that is
already operating at or near capacity will not benefit
from real-time control; systems which have capacity
that is not being used effectively stand to gain more.

Real-time control has also proved useful for
communities with both sanitary and combined sewers
(e.g., Milwaukee, WI; Louisville, KY; and Quebec,
Ontario, Canada). In such systems, real-time control
is used to divert flows to and from storage systems
during wet weather. For example, real-time control is
used to prevent storage systems from filling entirely
with combined sewage, reserving space for separate
sewage. This is achieved by incorporating separate
sewer volume predictions into the real-time operational
strategies, where the goal is eliminating SSOs and
minimizing CSOs (Schultz et al. 2001).
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Table 1. Common interpretations of flow monitoring data (WERF 1999).

Common Interpretation

Monitoring Data Observation

Confounding Factors

Dry weather flow consistently
higher than expected sanitary
flow contribution

Infiltration through leaky
pipes

* Leakage from an adjacent lake or river directly into sanitary
sewer

* Underground spring intercepted by the sanitary sewer

¢ Seasonal fluctuation in groundwater

Unauthorized direct
connection of roof or yard
drains

Rapid, dramatic rise in flow
coincides with rainfall initiation

* Leaking manhole lids or corbels in depressions that collect
runoff

* Leaky pipes along stream banks

¢ Cross-connection with storm water systems

* Interconnection of the sanitary sewer with underground
solution channels (common in karst topography)

Unauthorized connection of
sump pumps or foundation
drains to sanitary sewer

Delayed and prolonged flow rise
occurs after rain

e Granular backfill in the sanitary sewer trench acting as a french
drain

¢ Seasonal fluctuation in groundwater; response may be rapid
depending on soils and trenches

Direct connections with
capacity restrictions

Flows rise proportionately
to rainfall, but only up to an
observable maximum

* Further flow increases restricted by downstream blockages,
backwater, or lift station capacity
* Further flow increases relieved by upstream overflows

Some advantages of real-time control include:

e Storage facilities can be dynamically operated and
continuously optimized in response to changing
conditions;

*  Runoff and hydraulic models can be integrated
into operating rules and control algorithms;

e System response can be predicted through use of
rainfall forecast data and a local rain gage network
with adequate spatial coverage; and

*  Seasonal and spatial variation in rainfall and
receiving water flows and volumes can be
accounted for in the system.

Communities that do not experience much spatial

or seasonal rainfall variation or that utilize receiving
waters with a static assimilative capacity may not be
able to take advantage of some these real-time control
features.
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Cost

The capital cost of implementing an enhanced monitoring
or real-time control scheme depends on the quality and
quantity of control, the measurement devices required

for successful implementation, as well as any software
needed to manage or process the data (Field et al. 2000).
Monitoring and control schemes may not be sufficient as a
stand-alone solution to completely control CSOs or SSOs;
therefore, they should be evaluated as part of the solution.
O&M costs are dependent on the characteristics of the
system being monitored and include regular inspection

of the monitors. In systems using real-time control, O&M
costs also include mechanical maintenance of the regulator
elements.

The initial costs of enhanced monitoring or real-time
control can be significant and may be prohibitive for small
communities. The monitoring costs, however, may be a
fraction of the cost of large capital projects that would
achieve similar levels of CSO and SSO reduction, such

as construction of additional conveyance, storage, or
treatment facilities.
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Implementation Examples

S EATTLE, WA Real-Time Sewer System Controls

Responsible Agency: Seattle Public Utilities
Population Served: 1.4 million

Seattle was one of the first U.S. communities to implement and operate

an advanced real-time control system. Seattle’s system, called Computer

Service Area: 64 sg. mi. Augmented Treatment and Disposal (CATAD), began operating in 1971. CATAD

Sewer System: 335 mi. sewer manages 13,120 acres of fully combined sewer area as well as 28,000 acres of

partially-separated sewers. The network included 17 regulator structures and

one major pumping station. CATAD has reduced CSO volume between 9 and

49 percent at different outfall locations. The actual reduction realized depends on the rainfall volume and patterns during each
individual year.

The capital cost for CATAD was $16.8 million, and O&M costs were approximately $16 per acre (2002 dollars). Estimated costs for
sewer separation or construction of additional storage capacity to achieve equivalent reductions in overflow volume range between
$127-$760 million (2002 dollars). In the late 1980s, treatment plant computer hardware was upgraded, remote telemetry units at
regulators and pump stations were replaced by programmable logic controllers, and operators’ graphical displays were improved.
Based on the success of the CATAD technology, Seattle implemented a new, predictive real-time control system that went online
in early 1992. Rainfall prediction capabilities that utilized rain gage data and a runoff model were added at this time. A global
optimization program was introduced that computed optimal flow and corresponding gate position for each regulator. Currently,
the system’s centralized computer hardware is being upgraded.

Contact: Bob Swarmer, King County Wastewater Treatment Division

MILWAUKE E, Wi Real-Time Sewer Sytem Controls

Responsible Agency: Milwaukee
Metropolitan Sewerage District

Population Served: 1.1 million

In 1986, Milwaukee Metropolitan Sewerage District (MMSD) designed and
installed real-time sewer system controls. The MMSD sewer system includes
the Metropolitan Interceptor Sewer System (MIS) that collects flow from the

Service Area: 420 sg. mi. local sewers; an Inline Storage System (ISS) that temporarily stores excess
Sewer System: 2,200 mi. of collector sewer; flows until treatment capacity is available, and a computer-based central
310 mi. of intercepting and main sewer control system.The MIS system collects wastewater from both sanitary and

combined sewers and conveys flow to two wastewater treatment plants.

MMSD uses remote and local sensors to control intra-system flow diversions to both relief interceptors and temporary storage.
Flows can be rerouted to avoid surcharging the system or to maximize treatment capacity during wet weather events. Routing is
performed by adjusting diversion gates, which are controlled by monitoring multi-level sensors located at critical points in the MIS.
Importantly, MMSD's real-time control system is used to prevent storage systems from filling entirely with combined sewage and to
reserve space for the separate sanitary sewage. This is achieved by incorporating sanitary sewer volume predictions into the real-
time operational strategies, where the goal is eliminating SSOs and minimizing CSOs. Precipitation and meteorological forecasts are
used to calculate the storage volume that must be reserved for anticipated sanitary sewage flows.

MMSD’s system was implemented to address chronic CSO and SSO problems cited in national and state court actions in the 1970s.
In the mid-1970s, the city regularly experienced hundreds of SSOs and over 100 CSOs during wet weather; many homes in the
sanitary sewer service area also faced sewage backups one or more times per year. MMSD has seen dramatic reductions in CSOs,
SSOs,and backups in the last few decades. Furthermore, the real-time control system has provided much-needed flexibility in system
operation, allowing MMSD to better accommodate variable precipitation patterns, growth patterns,and lake and groundwater levels
(Schultz et al. 2001).

Contact: Nancy Schultz, CH2M Hill
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QUEBEC, ONTARIO,
CANADA Real-Time Control System

i it e e Lot e SO iy In 1998-1999, the City of Quebec implemented a centralized, or
Population Served: 500,000 global, optimal and predictive real-time control (GO RTC) system
Service Area: 213 sq. mi. in its westerly sewer system. Quebec Urban Community’s (QUC’s)
Sewer System: Not Available westerly catchment drains 82,000 acres and contains 41 miles of
interceptor and 22 regulators; it is served by an 82 MGD treatment
plant. The GO RTC equipment consists of five control stations, four
monitoring stations, thirteen rainfall stations,and one central control station (Colas et al. 2001).The GO RTC system improves the flow
management of the westerly system by taking advantage of 3.7 million gallons of in-line storage as well as wet weather treatment
capacity at the plant. Pressure flow conditions that occur in the system are also eliminated, thereby protecting downstream areas
against basement backups.The cost of the western installation GO RTC system was approximately $2 million. Operation costs are low
because existing staff were trained to operate and maintain the system (Colas 2003).

In the late 1990s, EPA funded a demonstration study of three real-time control scenarios in the westerly QUC catchment (Field et. al.
2000). Using modeling tools and rainfall data from the summer of 1998, Field et al. (2000) found that the automated central control
system, eventually implemented as GO RTC, performed better as system complexity increased. Actual reductions in CSO volume
have exceeded those predicted by Field et al.(2000)-i.e., reductions of 24-47 percent. Compared to simulations of past system
configurations, CSO volumes were reduced by 60 percent in 1999, 75 percent in 2000, and 83 percent in 2001. At some sites, CSOs
were eliminated. In other areas, where storage was limited, CSO frequency was reduced by more than 40 percent (Colas 2003).

Contact: H. Colas, BPR CSO

SAN DI EGO, CA Flow Metering Alarm System

Responsible Agency: City of San Diego
Metropolitan Wastewater Department
Population Served: 1.3 million

The City of San Diego MWWD installed a Flow Metering Alarm System
(FMAS) in September 2000. FMAS uses flow meters to monitor wastewater
flow conditions, which provides real-time event notification through the
Service Area: 310 sg. mi. land-line telemetry system. Specifically, 92 alarmed flow meters provide
Sewer System: 2,300 mi. sewer coverage for 95 percent of MWWD's sewers with a diameter of 15 inches or
greater.Flow meters are also used by MWWD to meter flows from San Diego
and its 15 satellite agencies, collect data for sewer modeling, evaluate trunk
sewer capacities, and investigate I/l issues. MWWD hired a maintenance contractor to maintain all the flow meters in their system
including those used for FMAS. In addition, MWWD created a new section of three to four staff (with supplemental help on nights
and weekends) to monitor the sewer system, analyze data, and dispatch crews to investigate potential spills and/or minimize active
SSOs.

The purpose of FMAS is to help prevent, detect, and minimize the impact of major SSOs in the MWWD system. An alarm signals
when a FMAS meter experiences a 25 percent loss of flow. For some areas where the base flow is more consistent, the alarms can be
set to activate when a 15 percent fluctuation in flow occurs. MWWD installed FMAS largely as a result of a large spill that occurred
in February 2000 when the Alvarado Trunk Sewer was damaged during a winter storm, causing a 34 million gallon spill in an
inaccessible canyon that went undetected for seven days. This spill forced beach closures, a highly undesirable situation for the City
of San Diego and surrounding communities.

The FMAS has allowed MWWD to concentrate on specific areas of the SSS: trunk sewers where capacity is critical, remote areas, and
sensitive areas including areas that would trigger beach closures. Although FMAS is principally used to detect major SSOs, it has also
provided early warning of potential spills allowing crews to be dispatched in time to alleviate blockages. Over the past three years,
MWWD has also considerably expanded its maintenance and cleaning program and is embarking on a 10-year capital improvement
program to replace or rehabilitate structurally defective pipe, all in an effort to reduce future SSOs.

Contact: G. Hwang, City of San Diego Metropolitan Wastewater Division
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ATLANTA, GA

Automated Monitoring System

Responsible Agency: Atlanta Department
of Public Works

Population Served: 1.2 million
Service Area: 131.4 sq. mi.

Sewer System: 2,000 mi. of sanitary and
combinedsewer

In 2002, Atlanta installed a web-based information system that automates
data collection from flow meters and rain gages. One hundred twenty flow
meters and 35 rain gages provide coverage of the city’s entire sewer system
and supply data to the information system. This system enables city staff
to view pipe capacities, flow levels, and float positions (in the pumping
stations) via the Internet. Alarms calibrated to the system activate when
flow velocities or depths reach predefined critical levels, where the potential
for SSO events is high.

Flow meters and rain gages have been used in the Atlanta sewer system for a number of years. In the past, field crews were required
to collect the data, and it often took many weeks for the data to be analyzed.Without alarms or real-time data, the city was frequently
faced with responding to spills after they had been reported by the public or detected by field crews. By automating data collection,
the city is better able to analyze the data in a timely manner. Crews may be sent to investigate potential problems and act to prevent

SSOs rather than respond to an overflow event.

In addition, the system has helped the city better allocate its resources and focus on sewer lines that need repair, areas where flow
capacity is frequently exceeded, and sections where recurrent blockages occur. If grease build-up is identified as a chronic problem
in a certain section of pipe, the crew that handles oil and grease issues will be dispatched to investigate (e.g., check grease traps).
The city reports that businesses, such as restaurants, are more receptive to preventative operation and maintenance changes when
shown evidence (provided by the monitoring data and CCTV) of the recurrent problem.
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A roof leader or down-spout connected to the sewer system (MMSD).

Inflow Reduction

Overview

Inflow is the direct introduction of storm water into

a sewer system; common sources include roof leaders,
basement sump pumps, area drains in yards and driveways,
foundation drains, cracked or broken manhole covers,

and cross connections with a separate storm water system.
Inflow occurs by design, through disrepair, and via illicit
connections. Inflow reduction refers to techniques used to
reduce the amount of storm water that enters a combined
sewer system (CSS) or a sanitary sewer system (SSS).

This technology description focuses on inflow associated
with direct connections of storm water sources to the
sewer system. Much of the inflow to CSSs is intentional as
these systems were designed to convey excess storm water
away from dwellings and to reduce localized flooding.
Inflow to SSSs is generally not by design and is often
illicit. By reducing the volume of storm water entering

a sewer system, inflow controls free conveyance capacity
and available storage. This, in turn, aides in reducing the
frequency, volume, and duration of wet weather CSO and
SSO events. Inflow reduction is particularly applicable in
areas where open land is available to receive redirected
storm water for infiltration or detention, or where storm
water can be diverted to surface waters either directly or via
a separate storm water system.

Specific inflow reduction techniques that will be discussed
in this technology description include disconnection

of roof leaders; redirection of area drains, foundation
drains, and basement sump pumps; and cross connection
elimination.

Disconnection of Roof Leaders

Roof leaders or down-spouts convey rain that falls on
residential and commercial roofs directly to the sewer
system. The use of this practice in CSSs is usually
intentional, and in some instances, required by local
ordinance. Use of roof leaders to convey rainwater to an
SSS is generally considered to be an illicit connection

in most, but not all, communities. In SSS areas,

roof leaders may have been connected to the SSS by
builders or homeowners to alleviate localized flooding
associated with wet weather events. The disconnection
of roof leaders from the sewer system and redirection
to lawns, dry wells, or drain fields, where flows can
infiltrate into the soil, reduces the amount of storm
water entering the sewer system. Disconnection of
roof leaders works best in residential areas where open
land is available. City-wide surveys are often necessary
to determine the extent of roof leader connections to
the sewer system. This inflow reduction technique can
be introduced as a voluntary effort or as a mandatory
requirement. Guidance can be offered to individual
homeowners on how to redirect the inflow from

roof leaders, and it can be combined with other
inflow reduction techniques such as area drain and
basement sump pump redirection. Some communities
have offered financial incentives to homeowners to
disconnect roof leaders and have prequalified local
contractors to provide this service.

Redirection of Area and Foundation Drains and
Basement Sump Pumps

Many buildings have a system of area and foundation
drains and basement sump pumps to alleviate drainage
problems. As with roof leaders, area and foundation
drains and basement sumps are typically connected

to CSSs by design. In some parts of the country, both
area drains and foundation drains are connected

to the SSS by design, but in most instances they are
considered to be illicit connections to the SSS. Flows
from area and foundation drains and basement sumps
can generally be redirected away from the sewer system
to lawns, dry wells, drain fields, or an existing separate
storm water system. However, redirection may require
additional pumping. City-wide surveys often need to
be conducted to determine where area drains and sump
pumps are located, whether they discharge directly to
the sewer system, and whether it is feasible to redirect
them.
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Elimination of Cross Connections

Cross connections are direct connections between an
SSS and a separate storm water system. By definition,
it is not possible to have a cross connection in a CSS.
Cross connections most commonly occur where the
sanitary service lateral from a home or commercial
establishment is inappropriately connected to the
storm water system. Cross connections also often exist
as remnants of incomplete sewer separation projects.
Detection and elimination of cross connections
between separate sanitary and storm water systems can
reduce inflow during wet weather events and reduce
the concentration of bacteria, nutrients, and oxygen
demanding substances contained in storm water
discharges.

Key Considerations
Applicability

There are a number of different sewer testing and
inspection approaches that are useful for locating sources
of inflow. These include visual inspections, smoke testing,
dye-water flooding, water sampling from manholes,
interpretation of public complaints, and video inspection.
The most appropriate technique will depend on suspected
inflow sources and site-specific conditions. Additional
information on techniques for locating sources of inflow
is provided in the “Testing and Inspection Technology
Description” in Appendix B of the Report to Congress on the
Impacts and Control of CSOs and SSOs.

Inflow reduction can be an efficient way to reduce the
volume of storm water delivered to both CSSs and SSSs,
and can result in improved sewer system performance.
Provided below are specific considerations for each of the
inflow reduction techniques described above.

Disconnection of Roof Leaders

Disconnection of roof leaders is a relatively simple
and low-cost technique for reducing inflow. It is more
feasible in residential areas where houses are detached,
yards are sufficiently large to accommodate increased
overland flow and soils have relatively high infiltration
rates. In order for a roof leader disconnection
program to be successful the public must be educated
about the benefits of disconnection and methods

for implementing the program. This can be time-
consuming and will most likely require some type of
rebate program or other incentive for compliance.
Communities who have experimented with voluntary
disconnection programs found that approximately 20
percent of property owners are willing to participate
(NBC 2000). In addition, because the effect per
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individual roof leader is small, this program must be
implemented with broad participation across entire

neighborhoods in order for there to be a discernible

reduction in sewer system flow.

Redirection of Area and Foundation Drains and
Basement Sump Pumps

In general, area and foundation drains and sump
pumps are a less common source of inflow than roof
leaders, and their location may be harder to determine.
The feasibility of redirecting drains and sump pumps
depends on soil type, land slope, and the drainage
conditions around the home or building. If a separate
storm water system does not exist, then the excess
rainwater must be conveyed to a distance far enough
away and at a reverse slope from the building so that
water is not allowed to migrate back into the building.
Similar to the redirection of roof leaders, the volume
controlled per individual drain or sump pump is small.
Consequently, the program must be implemented with
broad participation across neighborhoods in order for
there to be a discernible reduction in sewer system flow.
Implementation of this type of redirection program can
be time-consuming and may necessitate use of a rebate
program or other incentives for compliance.

Elimination of Cross Connections

Several methods exist for detecting and eliminating
cross connections. Common sewer testing and
inspection approaches are often appropriate

for identifying storm water sources that were
inappropriately connected to the SSS. In addition,
there are a number of useful indicators for detecting
connections between private building service laterals
and the separate storm water system. These include
inspections to determine the presence of unexpected
dry weather flow in storm sewer lines, and finding
biological indicators that denote the presence of
human fecal matter in storm drain outfalls. Once cross
connections are detected, excavation and correction are
necessary. In addition to detection and elimination of
existing cross connections, plans for new development
should be carefully reviewed and inspections should
be conducted during construction in order to prevent
future cross connections from being placed.

Cost

The actual cost associated with implementation of an
inflow reduction program varies considerably and is
dependent on site-specific conditions. Disconnection of
roof leaders and redirection of basement sump pumps

can be quite economical under some circumstances.
Disconnecting area and foundation drains typically requires
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excavation around homes, and is therefore more expensive Table 1. Costs of inflow reduciton activities

and disruptive than other inflow controls. Key parameters

. .. . . . Technology Cost

in determining the effectiveness of inflow reduction . . —
techniques are the infiltration rate of the soil in the area :Jls;onnectlon of roof f\45_$75 for individual
where flows will be redirected and the land area available caders omeowners

to infiltrate the wet weather flow. Typical cost ranges for Redirection of area and Varies based on site-specific

foundation drains and requirements.

various techniques discussed in this technology description
basement sump pumps

are presented in Table 1. Sump pump redirection costs

$300-$500 per home ®

Cross connection Varies depending on location.
elimination

Typical point repairs costs $600-
$8,500°

2 EPA 1999
® Arbour and Kerri 1998

Implementation Examples

JOHNSON COU NTY, KS Inflow Reduction Program

Responsible Agency: Johnson County Wastewater (JCW)

Population Served: 500,000 Wet weather SSOs were a frequent occurrence in Johnson
Service Area: 20 sq. mi. County in the early 1980s. A comprehensive system-wide
evaluation was conducted in 1983, which included smoke and
dye-water testing of sewer lines, flow and rainfall monitoring,
visual pipe inspections, and closed circuit television
inspections. The survey identified inflow as a major contributor to wet weather SSOs. JCW'’s response was to launch an inflow
reduction and sewer system rehabilitation program. An ordinance was passed by the Johnson County Board of Commissioners that
made it illegal for residents to make connections from surface or groundwater sources to the SSS.This ordinance provided JCW with
the legal authority to require removal of unpermitted inflow sources, and to prohibit construction of new ones.

Sewer System: 1,700 mi. of sanitary sewer

As part of the disconnection program, JCW initiated private property inspections to
identify inflow sources and advise property owners on removal actions. Inspectors
toured commercial and residential building interiors and grounds, and they gathered
data on the location of foundation and area drains, roof leaders, and other apparent
connections to the SSS. Sources suspected of contributing to storm water inflow
were subjected to smoke and/or dye-water testing, and all unpermitted sources
were scheduled for disconnection. As shown on the right, the most common sources
of inflow were foundation drains, area drains, sump pumps, and roof leaders. JCW
established informal fixed-price contracts with local contractors to complete the Pumps
work.To help JCW prioritize its remedial efforts, a hydraulic model was developed with
the data from the survey. The inflow reduction program was completed in 1994. The
inflow reduction and sewer rehabilitation program resulted in significant reductions
in capacity-related SSOs; wet weather flow rates in the sewer system were reduced by
an average of 280 MGD during the 10-year, 6-hour storm.The total cost of the program
was $48.8 million, which includes $11.2 million for the reduction of inflow from private

property.

Foundation
Drains

Area
Drains

Roof
Leaders

Types and distribution of inflow

More information at http://cfpub2.epa.gov/clearinghouse/preview.cfm?RESOURCE_ID=253743
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ROCKFORD, IL Sewer System Evaluation Survey

Responsible Agency: The Rock River Water
Reclamation District The Rock River Water Reclamation District in Rockford conducted a survey of a
Population Served: 250,000 portion of its service area that was experiencing SSOs during periods of heavy
rainfall. The purpose of the survey was to determine the extent of inflow and
to recommend
a plan for

Service Area: 80 sg. mi.
Sewer System: 1,100 mi. of sanitary sewer

Number of identified inflow sources.?

Inflow
mitigation Number of G
. . allons Per
that included a Defective Sites Minute)

cost-effectiveness analysis to justify the recommended work.

Inflow sources were identified by smoke testing all sanitary sewers Cherry Valley / 380
(approximately 77,000 linear feet) by dye-water testing storm  Dawson Avenue 26 167.6
systems adjacent to sanitary sewers, and with voluntary inspections Pepper Drive 35 147.8
of approximately 1,300 buildings for sources on private property.

2WEF 1999

Infiltration and inflow (I/1) data were collected and analyzed in terms
of location, pipe condition, flow rate, potential rehabilitation method, and cost. The relative cost-effectiveness calculations, using
ratios of rehabilitation costs versus treatment-transport costs, provided the basis for rehabilitation recommendations. The primary
sources of inflow identified were roof leaders, foundation drains, and sump pumps. This investigation identified 68 inflow sources
that contributed an estimated 421 gallons per minute, based on a 5-year storm event (1.7 inches per hour). The investigation also
determined that 75 percent of the I/l originated on private property.

More information at http://www.rrwrd.dst.il.us/

SOUTH PORTLAN Dr ME Rebate Program to Reduce Inflow

Respons'lble LA R The City of South Portland invested almost $2.5 million
Population Served: 23,200 between 1986 and 1995 to reduce wet weather inflow into
Service Area: 12 sq. mi. their CSS.The program involved surveying 6,000 residential
Sewer System: 16.6 mi. of combined sewer buildings. The survey identified approximately 380 roof

leaders and 300 sump pumps that were connected to

the CSS. Property owners were notified and offered the
following incentives to disconnect the inflow sources: $75 for roof leader redirection and $400 for sump pump redirection. At the
program’s completion in 1995, 64.5 percent of all known sources had been redirected. The program resulted in a reduction in CSO
volume of 58 MG per year, a three percent reduction in annual flow to the local wastewater treatment plant, and fewer reported
residential backups. The total cost of the rebate program was $128,000. The inflow reduction program eliminated more than 420
gallons per year of storm water from the CSS for every dollar spent.

Contact: Dave Pineo, Engineering Department, City of South Portland
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Sewer separation construction (NJ Dep. of Environmental Protection

Overview

Sewer separation is the practice of separating the single
pipe system of a combined sewer system (CSS) into
separate systems for sanitary and storm water flows. Sewer
separation, like other types of CSO control, is intended to
reduce CSO volume, the number of CSO outfalls, or both.
In practice, there are three distinct approaches to sewer
separation:

e Full separation wherein new sanitary sewer lines are
constructed with the existing CSS becoming a storm
sewer system. This is probably the most widely used
form of separation.

e Full separation wherein an entirely new storm sewer
system is constructed with the existing CSS remaining
as a sanitary sewer system. This form of separation is
not often used because the capacity of the existing CSS
was designed to accommodate storm runoff, which is
more than what is required to accommodate sanitary
flows.

e Partial separation wherein a new storm sewer system
is constructed for street drainage, but roof leaders
and basement sump pumps remain connected to the
existing CSS allowing flow to enter the CSS during wet
weather periods.

Full separation can be applied on a system-wide basis to
eliminate the CSS. This approach is often practical only for
communities with small areas served by combined sewers.
Partial separation of select areas within the CSS is widely
used in large and small CSO communities. In fact, a survey
of readily available information in NPDES files indicates
that sewer separation is the most widely used CSO control
(EPA 2001). This suggests that most CSO communities
opportunistically find portions of their CSS where
separation is a cost-effective CSO control. Under these
circumstances, separation is often implemented in
conjunction with other public works projects, including
road work and redevelopment.

Key Considerations

Sewer separation can be highly effective in controlling

the discharge of untreated sewage to water bodies. Under

ideal circumstances, full separation can eliminate CSO

discharges. However, sewer separation on its own does not

always lead to an overall reduction in pollutant loads or
the attainment of water quality standards. Discharges of

urban runoff from the newly separate storm sewer system
often contain substantial pollutant loads that contribute to
water quality problems. A comparison of average pollutant

concentrations from a variety of sources is presented in

Table 1. As shown, the pollutant concentrations in urban
runoff can be quite high. From a management standpoint,

the implementation of storm water controls is usually

required following sewer separation in order to achieve the
necessary pollutant load reductions for attainment of water

quality standards.

Table 1. Typical pollutant concentrations.

Contaminant Fecal Coliform
Source (#/100mL)
Untreated ) . 1,000,000 -
wastewater 88-451"  118-487" 1'100,000,000°
CSO¢ 4-699 4-4,420 1,100 - 1,645,000
Urban runoff? 0.41-370 0.5-4,800 1-5,230,000
Treated
wastewater® 12-140 0.5-35 <200
(disinfected)

a AMSA 2003

> NRC 1996

¢ Chapter 4 of EPA's 2003 Report to Congress on the Impacts and Control
of CSOs and SSOs

4 Pitt et al. 2003

¢ EPA 2000

From a regulatory standpoint, implementation of

sewer separation satisfies the requirements of the CSO
Control Policy. However, the newly-created sanitary and
storm water systems become subject to existing NPDES

requirements for storm water and separate sanitary sewer

systems.
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Some CSO communities find that more cost-effective
overall reductions in pollutant loads can be achieved with
the implementation of other CSO controls such as storage
and treatment, instead of sewer separation. Having the
storm water collected and conveyed in a CSS does present
some environmental advantages if most of the wet weather
flow is given the minimum treatment required by the CSO
Control Policy (i.e., the equivalent of primary treatment
and disinfection, if necessary).

From both cost and design standpoints, it is often difficult
to fully separate CSSs. The occurrence of occasional
residual overflows is common in many CSSs that have been
separated. The cost of full separation can be prohibitive,
and some communities opt for partial separation for this
reason. Several states require sewer separation to the extent
necessary to eliminate CSOs under specific design storm
conditions (i.e., the 2-year, 24-hour storm). This leaves

a legacy of infrequent but substantial CSOs during large
wet weather events or periods of snow melt. The difficulty
in achieving full separation can leave a community with
residual overflows that may be subject to potentially more
stringent requirements for SSOs.

Applicability

A major benefit of sewer separation is that it has the
potential to completely eliminate the CSOs and the
unwanted discharge of raw sewage to receiving waters from
an antiquated sewer system. Consequently, public health,
water quality, ecological, and aesthetic benefits can be
achieved through sewer separation. Another advantage of
sewer separation is the reduction of wet weather flows to
the wastewater treatment plant. Sewer separation diverts
storm water to a separate storm water system during
rainfall periods. The diversion of storm water reduces
system-wide stress and frees up sewer system conveyance
and wastewater treatment capacity. Sewer separation also
offers a solution to localized flooding and basement backup
problems caused by excess water entering the sewer system.
Public health and aesthetic benefits accrue where public
exposure to raw sewage in homes, businesses, and other
public areas is reduced.
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Cost

Sewer separation is expensive relative to other CSO
controls, and full sewer separation is typically the most
expensive CSO control alternative evaluated in most
communities. Example unit costs for sewer separation are
presented in Tables 2 and 3.

Table 2. Sewer separation costs per linear foot of CSS.

CSO Community Cost per Linear Foot®

Detroit, MI: $175-$220
Rouge River Project®

$490 for residential areas
(estimate)

$610 for commercial areas

Syracuse, NY:
Onondaga Lake
Improvement Project®

2Costs are in 2002 dollars

bIncludes removing existing pavement, laying a new sewer line, re-
paving, and re-sodding

‘Includes a 25 percent contingency for mobilization, bonds, permits,
survey, stakeout, and drawings; does not include internal building
plumbing modifications

Table 3. Sewer separation costs per acre of service area.

cso CSS Area  Reported Costs? Cost Per
Community (Acres) (Million) Acre
Seaford, DE 1,260 $2.2 $1,750
Skokie/ 6,784 $2132 $31,397
Wilmette, IL

St.Paul, MNand 21,117 $374 $17,730
surrounding

areas

Portland, OR N/AP N/A $19,000
Providence, RI 180 $14.6¢ $81,000

2 Costs are in 2002 dollars

® Not available

¢Estimated costs; community found other CSO controls to be more cost
effective (NBC 2000)

Sewer separation can also be very disruptive. Disturbances
caused by construction activities required to implement
sewer separation are widespread and relatively long-lasting;
and include digging up roads, altering traffic patterns, and
potentially disrupting other utility services.
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Implementation Examples

RANDOLPH s VT Sewer Separation

Responsible Agency: Town of Randolph
Population Served: 2,270 Randolph, a town of approximately 2,270, is located on the White River in
central Vermont. In 1990, the State of Vermont developed a CSO Control
Policy that encouraged sewer separation. Compliance requires elimination
of CSO discharges during any storm with precipitation less than 2.5 inches of rain over a 24-hour period. Randolph completed a
sewer separation program during the mid-1990s that consisted of construction of a new separate storm water system throughout
much of the downtown commercial district and adjacent residential areas. A total of 44 storm water catch basins were separated
from the CSS, which was approximately 85 percent of the catch basins that were known or suspected to be connected.

Since completion of the main CSO abatement program in 1996, Randolph has continued to implement additional CSO control
through separation of smaller combined sewer areas as part of road improvements under its capital improvement plan. This has
resulted in the separation of six additional catch basins. Currently, the town has separated 95 percent of its combined sewers. Post-
sewer separation monitoring has shown an 80 percent reduction in the duration of CSO events recorded at the CSO outfall located
at the wastewater treatment facility. This reduction is based upon data collected from a 20-month period from 1998-2000 compared
with data collected prior to CSO control. As of 1997, approximately $2.66 million had been spent on the town's CSO abatement
program.

Though significantly reduced, CSOs still occur, and Randolph plans to further its CSO abatement efforts through a plan that spans
six years (2001-2006) at a projected cost of $500,000. Planned projects include sewer line replacement and upgrades as well as
continued sewer separation.

Contact: Joe Voci, Town of Randolph

SEAFORD, DE City-wide Sewer Separation

Responsible Agency: City of Seaford

Population Served: 6,699 The City of Seaford, a community of 5900, is located in southwestern
Service Area: Not Available Delaware. In 2002, Seaford completed a major sewer separation program
covering approximately 1.97 square miles. The goal of this program was to
eliminate untreated CSO discharges into the Nanticoke River, a tributary of the
Chesapeake Bay, during periods of wet weather.Compliance with Delaware and
EPA regulations and water quality initiatives provided the driving force for this
program.In addition, the program was designed to benefit city residents and recreational users of the Nanticoke River.Prior to sewer
separation, Seaford’s wastewater treatment plant was unable to process all the combined sewage captured by the CSS during wet
weather events. This led to frequent discharges at four CSO outfalls located in downtown residential and commercial areas.

Sewer System:22.7 mi. of sewer

The initial plan to separate the combined sewers of Seaford was developed in 1984 with the objective of complete separation.
Implementation of the entire program was scheduled in eight phases and took 18 years to complete, due to construction and
financial constraints. The entire combined sewer area has been separated (approximately 40 percent of the city). Efforts to control
the resulting storm water discharges to the Nanticoke River are currently underway. The cost of the sewer separation program was
$2.2 million.

Contact: Charles Anderson, City of Seaford
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ST.PAUL, SOUTH ST. PAUL,
AND MINNEAPOLIS: MN Full Sewer Separation

Responsible Agency: Metropolitan Council Environmental Services
Division (MCES) and the cities of St. Paul, South St. Paul, and Minneapolis
Population Served: 2.5 million

Service Area: 3,000 sq. mi.

Working cooperatively under the Metropolitan
Council’s Environmental Services Division (MCES),
the cities of St. Paul, South St. Paul,and Minneapolis
completed a 10-year, $331 million dollar sewer
Sewer System: 600 mi. of sewer separation program in 1996 (MCES 1996). The

goal of this program was to reduce the pollutant

load delivered to the Mississippi River from CSO
discharges. Prior to sewer separation, the average volume of untreated CSO discharges from the metro areas was estimated at 4.6
BG per year, with discharges occurring on average once every three days. Separation of St. Paul, South St. Paul, and Minneapolis
combined sewers began in 1985 as part of an on-going capital improvement program, with construction initially scheduled to be
complete in 2025. Due to public demand, the Minnesota Legislature adopted an accelerated program aimed at completing the sewer
separation by 1995. Implementation of the program resulted in the installation of 189 miles of separate storm sewers and 11.9 miles
of new sanitary sewers. This amounted to separation of approximately 33 square miles of combined sewer areas: 6.66 square miles
in Minneapolis, 24.53 square miles in St. Paul, and 1.8 square miles in South St. Paul. The disconnection of roof leaders was also an
important component of the program as it was estimated that they contributed 20 percent of the CSO volume in St. Paul.

By design, the sewer separation program provided the opportunity to implement other municipal infrastructure improvements
during construction.These included:

) Repair of existing sewers

o Disconnection of 21,900 residential rain leaders from the CSS
o Replacement of 3,500 lead water services with copper pipes
U Upgrade of other local utilities

° Installation of 8,200 new street lights

o Installation of handicapped-accessible ramps

As a result of sewer separation, water quality in the Mississippi River and other local waterbodies has improved. MCES noted lower
fecal coliform bacteria levels in the river, the return of the pollution-sensitive Hexagenia Mayfly, and increases in fish populations.
Sewer separation is believed to be the major reason for the decrease in fecal coliform levels from an average of 500 MPN/100 mL
in 1976 to an average of 150 MPN/100 mL in 1995 in the waters below Minneapolis. The program also benefitted local waterfront
development along the Mississippi River.

Contact Tim O’Donnell, Metropolitan Council
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CSC-25






sk
=
c
i}
wi
5]
o4
@
o
=
Z
9]
3
]
]
o
£
=
]
c
&
£
=
£
£
o
£
=
8
2
£

Overview

The structural integrity of many sewer system components
has deteriorated from use and age. This gradual breakdown
allows greater amounts of groundwater and storm water

to infiltrate into the sewer system, which increases the
hydraulic load, and in turn, reduces the system’s ability to
convey all flows to the treatment plant. During wet weather
events, excessive infiltration can cause or contribute to
CSOs and SSOs. There are many reasons why a system

may deteriorate to the point where infiltration becomes a
problem. These include (WEF 1999):

*  Inadequate design and construction practices
*  Inadequate or improper bedding material

*  Root intrusion

*  Pipe breakdown from chemical corrosion

e Traffic loadings

e Soil movement and settling

*  Groundwater fluctuations

*  Cracking and aging

* Inadequate installation and maintenance

Sewer rehabilitation helps restore and maintain the
structural integrity of a sewer system, in part by reducing
or mitigating the effects of infiltration. Specific sewer
rehabilitation techniques discussed in this description
include:

*  Removing and replacing defective lines
e Shotcrete
e Trenchless methods

The presence of debris will limit the effectiveness of sewer
rehabilitation efforts; therefore, before initiating sewer
rehabilitation, it is essential to remove any debris or roots
that may be present in the sewer line. When rehabilitating
a sewer line, it is also important to consider rehabilitation
of system components, such as manholes and service
laterals, since these may also be subject to infiltration. More
information on sewer cleaning and manhole and service

lateral rehabilitation is presented in additional technology
descriptions included in Appendix B of Report to Congress
on the Impacts and Control of Combined Sewer Overflows
and Sanitary Sewer Overflows.

Removing and Replacing Defective Lines

In many cases, it is not practical or desirable to rehabilitate
existing sewers. Removing and replacing part or all of a
defective sewer is the most common and proven method
for eliminating inflow and infiltration (I/I), as well as
correcting other structural problems. Often called “dig-and-
replace,” the original pipe is excavated and disconnected
from the sewer system. The pipe is then removed and
replaced with a new, often larger, pipe. Alternatively, a new
pipe may also be positioned parallel to the existing sewer
and connected to the sewer system.

Shotcrete

Shotcrete is a mix of cement, sand, and water that is applied
to the walls of the sewer using air pressure. Shotcrete
generally consists of 30 percent cement and 70 percent
sand (Shotcrete 2001). A welded wire mesh screen is often
constructed over the section to be rehabilitated to provide
additional support for the shotcrete mixture. The screen is
covered by at least one inch of shotcrete to create a smooth
surface. To apply shotcrete, the sand and cement mixture is
forced through a hose to a mixing chamber that contains
water. The mixture is then “shot” into place using air
pressure. Major structural problems can often be remedied
using shotcrete (CSU 2001).

Trenchless Technologies

Trenchless sewer rehabilitation technologies use the existing
sewer to support a new pipe or a liner. As the name implies,
trenchless technology requires less surface interruption
than to dig-and-replace a defective sewer line. Trenchless
technologies include sliplining, cured-in-place pipe (CIPP),
modified cross-section liners, and pipe bursting.
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Sliplining

Sliplining involves placing a new, smaller diameter liner
in the existing sewer. The new liner is then grouted to
the existing pipe to improve structural integrity and
prevent leaks (EPA 1999). The sliplining process can
be continuous, segmented, or spiral wound. During
continuous installation, the total length of lining is
inserted at strategic locations. Segmented installation
requires the pipe liner to be broken into portions and
then assembled at access points in the sewer system. As
shown in Figure 1, spiral wound lining is interlocked
forming a spiral that is inserted into the pipe from a
manhole or other access point. Sliplining may require
access to the sewer line beyond that which a manhole
can provide; an insertion pit may need to be created.
Therefore, sliplining is not always a completely
trenchless technology, but it is much less intrusive than
traditional dig-and-replace methods (EPA 1999). Also,
sliplining is not applicable in force mains.

Spiral wound pipe
with interlocking

\_ J

edges

Figure 1. Schematic of a spiral wound lining.

Cured-in-Place Pipe

During CIPP rehabilitation, a flexible fabric liner
coated with a thermosetting resin is inserted into the
existing sewer and then cured (EPA 1999). The most
common techniques for installing the liners are the
winch-in-place and invert-in-place methods. In the
former, a winch is used to pull the liner into place. The
liner is then filled with air to push it against the existing
pipe. When using the invert-in-place technique, the
resin is applied to the inside of the liner. Water or air
pressure is used to invert the liner so that the resin
covered side “flips out” to meet the existing pipe. For
both methods, heat is used to seal the liner to the pipe
(EPA 1999). CIPP liners can be installed from existing
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Heated water

Figure 2. Schematic of a cured-in-place technique (O’'Brien
and Gere 2002)

manholes, making it a true trenchless technology, as
shown in Figure 2.

Modified Cross Section Lining

Modified cross section lining rehabilitation methods
modify the cross-sectional area of the liner to facilitate
its installation. The three most common techniques
are Swagelining™, deform and reform, and roll down.
Swagelining™ uses heat and a chemical dye to reduce
the size of the liner. After the liner is pulled through
the pipe and allowed to cool, it returns to its original
diameter. In the deform and reform method, a flexible
pipe is deformed, often forming a U shape, and is then
inserted into the existing pipe. The roll down technique
minimizes the size of the liner using a series of rollers.
Heat is used to reform the liner for both the deform
and reform and rolldown methods (EPA 1999).

Pipe Bursting

Pipe bursting uses the existing pipe as a guide for

an expansion head. A cable rod and winch pull the
expansion head, which cracks the existing pipe by
pushing it radially outwards. The new sewer line is
pulled behind the expansion head, as shown in Figure
3. Expansion heads are either static or dynamic; the
dynamic head provides additional pneumatic or
hydraulic force to counter the pressure created by
pulling the expansion head through the existing pipe
(EPA 1999).
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Figure 3. Schematic of pipe bursting technique.

Key Considerations
Applicability

In selecting a sewer rehabilitation technique, site-specific
conditions, project goals, and sewer system characteristics
should be evaluated. Inspection and evaluation of the
current sewer condition are necessary before a sewer
rehabilitation technique is chosen, as the condition of the
sewer may favor specific techniques. Additional information
on sewer inspection techniques is provided in the “Sewer
Testing and Inspection Technology Description” located
in Appendix B of Report to Congress on the Impacts and
Control of Combined Sewer Overflows and Sanitary Sewer
Overflows.

Removing and Replacing Defective Lines

Removing and replacing defective lines is the most
commonly used rehabilitation technique when the sewer
line is structurally deficient. Replacing defective lines
results in a line segment design life that exceeds any other
rehabilitation method. Also, in areas in need of increased
conveyance capacity, complete replacement provides an
opportunity for installation of a larger-diameter sewer
(WEF 1999). Sewer replacement can be quite disruptive to
automotive and pedestrian traffic, however. Construction
times and service interruptions for replacement are
typically lengthy compared to other rehabilitation
methods. In addition, sewer flows must be rerouted during
construction. Construction costs are also considerably
higher for dig-and-replace than for other rehabilitation
methods (EPA 1991).

Shotcrete

Shotcrete is often used to rehabilitate sewers with major
structural problems. As with dig-and-replace, flow must be
completely diverted during construction since equipment
and personnel must access the pipe. Shotcrete may only be
used in pipes with a diameter greater than 36 inches.

The advantages of using shotcrete include (CSU 2001):

*  Rehabilitation can be accomplished using manholes to
access the sewer system;

*  Restoration of the original pipe strength; and

*  Method is safer for crews than grouting and epoxy
injections.

Disadvantages of shotcrete include (CSU 2001):

*  Along curing time;

*  Complete diversion of the flow during application; and

*  Reduction in hydraulic capacity because the diameter
of the sewer is reduced.

Trenchless Technologies

Trenchless technologies are especially well-suited to urban
areas where the traffic disruption associated with large-
scale excavation projects can be a significant obstacle to a
project (WEF 1999). In addition, many sewers are located
near other underground utilities in urban areas which can

Table1. Sewer system characteristics for trenchless
technologyies (CSU 2001).

Method

Maximum
Installation

Diameter
Range (in.)

(ft.)

Grouting and Epoxy Injections

Remote Application

Manual Application Not Available
Sliplining

Continuous 4-63 1,000
Segemented 12-158 5,600
Spiral wound 4-100 300
CIpP

Invert-in-Place 4-54 500
Winch-in-Place 4-100 3,000
Modified Cross Section Liners

Swagelining™ 4-24 300
Deform and Reform 4-64 300
Rolldown 4-24 300
Pipebursting

Pneumatic Head 2-24 475
Static Head 4-24 650
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complicate traditional dig-and-replace methods; trenchless
technologies avoid underground utilities.

Advantages of trenchless technologies include (EPA 1999):
*  Reduced air pollution from construction equipment

*  Fewer traffic detours

*  Decreased construction noise

*  Reduced vegetation disturbance

*  Limited areas where safety concerns must be identified

Table 1 highlights conditions for which various trenchless
technologies are most applicable. Trenchless technologies
are not without limitations, however, and they are
summarized in Table 2.

Table 2. Disadvantages of trenchless sewer rehabilitation
technologies (EPA 1999).

Method Disadvantage

Grouting and Epoxy ¢ Utilize harsh chemicals that may be
Injections dangerous for installation crews
e Will not prevent further pipe
movement, and may crack if pipe shifts

Sliplining * Requires an insertion pit
* Reduces pipe diameter
* Cannot be used with small diameter

pipes

CIpPP * Curing can be difficult for long pipe
sections
* Requires diversion of flow
¢ Resin can clump together
* Reduces pipe diameter

Modified Cross

Section Liners

¢ Liner may shrink after installation

e Infiltration may occur between pipe
and liner

* Liner may not provide adequate
structural support

* Requires dversion of flow

* Reduces pipe diameter

Pipe Bursting ¢ Insertion pit needed

* Dynamic head may cause soil settling
around the newly installed pipe

* Requires diversion of flow

* Not suitable for all pipe materials
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Cost

Selection of a cost-effective sewer rehabilitation technique
depends on the present condition of the sewer and other
site-specific considerations. In general, grouting is the least
expensive of the sewer rehabilitation methods presented.
Further, trenchless sewer rehabilitation techniques are often
less expensive than open-cut methods because the amount
of excavation for the trenchless technology is minimal
(EPA 1999). A representative range of costs for several
trenchless technologies (CIPP, sliplining, and pipe bursting)
is presented in Table 3; actual costs for sewer rehabilitation
projects undertaken by a number of municipalities are
summarized in Table 4. As shown in Table 4, there is
considerable variation in the cost per foot for an individual
technology; the diameter of the pipe drives much of this
variation. Figure 4 illustrates the increase in cost of CIPP
replacement as a function of increasing sewer diameter.

Table3. Cost of selected trenchless technologies.

CIPP 42-1200
Sliplining 10-560
Pipe Bursting 46-260
. N\
500

o
o
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w
o
o

Unit Cost ($/ft)
cost is in 2002 dollars
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Figure 4. CIPP cost versus pipe diameter (Zhao et al. 2001).
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Table 4. Costs of municipal sewer rehabilitation projects.

Municipality

Technology

Project Characteristics

Year
Constructed

Buffalo, NY Shotcrete Shotcrete was applied to 1,465 linear feet of 1997 Approximate cost:
the Military Road sewer that was over 50 years $280,552 or $192 per foot
old.The pipe diameter tapered down from 53
to 48 inches.
Indianapolis, IN  Shotcrete After sewer evaluation was performed a 1998-2002  $4 million or $317 per foot
Trenchless total of 12,495 feet for sewer have been
rehabilitated using Shotcrete, CIPP, and
sliplining.
St. Louis, MO Open-Cut 1,560 feet of sewer were replaced, providing 2002 $535,000 or $343 per foot
surcharge relief to upstream sewer system.
Costs include all excavation, refill, and
engineering costs.
Austin, TX Open-Cut The Austin Clean Water Program is a 2002 Cost for Crosstown Tunnel
Trenchless comprehensive project to eliminate SSOs from  (construction  Service Area:
the city’s sanitary sewer system. started) $44 million or $530 per foot
The project will be complete by 2007.
Torrence, CA? Open-Cut 8,400 feet of pipe was rehabilitated. 2002 Total construction cost:
Trenchless 90 percent of the sewers were repaired using $530,000
machine spiral wound PVC pipe liner. Open-cut:
Open-cut methods were used for the $191,000 or $955 per foot
remaining sewers. Trenchless:
$339,000 or $41 per foot
DuPage Trenchless U-liner to rehabilitate 24,000 feet of 8-inch and 1994 8- to12-inch U-Liner:
County, IL 4,000 feet of 10-inch VCP mains. $34-544 per foot
Glendale, WI Trenchless U-Liner was used to repair 3,462 feet of eight 1999 8-to 10-inch U-Liner:
to 10 inches pipes; CIPP was used for 1,966 $29-$33 per foot
feet of 15-inch pipes.. 15-18 inches CIPP:
$58-68 per foot
Muscatine, IA Trenchless CIPP method was used to rehabilitate 3,800 2001 24-to 27-inch CIPP:
feet of 24- to 27-inch diameter pipes and 187 $67-$103 per foot
feet of 8-inch clay pipes.
South Fayette  Grouting Pilot program grouting a total of 2,788 feet was 1997 $33,475 or $12 per foot
Township, PA conducted.
A total of 303 gallons of acrylmide grout was
used.
Dallas, TX Grouting Approximately 10,000 feet of pipe were 2000 $89,331 or $9 per foot

cleaned, tested, and sealed as part of a project
to eliminate I/1.

T All costs are converted to 2002 dollars based on the ENR Construction Cost Index
2 Costs include traffic control, which increase the cost per linear foot; total construction cost was $530,000 (Ringland 2003)
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Implementation Examples

AU ST' N ’ TX Clean Water Program to Control SSOs

Responsible Agency: City of Austin Water and
Wastewater Utility

Population Served: 1 million

In April 1999, the City of Austin received an Administrative Order from EPA

requiring it to eliminate SSOs by 2007. The order stemmed from a review of

Austin’s sewer system performance following a 170,000 gallon SSO to Bushy

Service Area: 364 sg. mi. Creek, a tributary of the San Gabriel River. To comply with the order, the city

Sewer System: 2,262 mi. of sewer created the Austin Clean Water Program. The order requires inspection of

approximately 40 percent of the city’s 2,200 mile sewer system, and, where

appropriate, the rehabilitation of failing sewer lines. The project is broken

up into three areas, Crosstown Tunnel Service Area, Onion Creek Service Area, and Govalle Tunnel Service Area, which are being

inspected and rehabilitated in a phased approach.To date, 500,000 linear feet have been rehabilitated using sliplining and open-cut
methods.

The total cost estimate for the Austin Clean Water Program is $150 million, which includes an I/l study and sewer system evaluation
and rehabilitation projects in each service area.Estimated cost for the rehabilitation completed in the Crosstown Tunnel Service Area
is approximately $44 million or $530 per linear foot.

More information at http://www.ci.austin.tx.us/acwp/

MIAMI s FL I/l and Rehabilitation Program

Responsible Agency: Miami-Dade Water and Sewer
Department

Population Served: 2.1 million
Service Area: Not Available
Sewer System: 2,441 mi. of gravity sanitary sewer

The Miami-Dade Water and Sewer Department (MDWASD) initiated
an infiltration/inflow and rehabilitation (I/1 & R) program in 1995 in
response to an EPA consent decree.The I/ & R program established
an ongoing sewer evaluation and rehabilitation schedule to
preserve the sewer system’s integrity and maintain acceptable
levels of I/l. The I/l & R program includes sewer cleaning, CCTV
inspection, smoke testing, dye water flooding, and system rehabilitation.

Approximately 14.5 million feet of sanitary sewer have been inspected and rehabilitated. Sewer rehabilitation methods include dig-
and-replace, sliplining, and grouting. Over 32,000 repairs have been completed, helping to reduce SSO volumes by 90 percent and I/]
by an estimated 118 MGD since program inception. MDWASD believes the I/l & R program is working; for example, in June and July
2002, the area received more than 20 inches of rain, but the sewer system experienced no capacity-related SSOs.The total cost of the
I/l & R program, since its inception, has been approximately $174 million or $12 per foot of sewer inspected or rehabilitated.

More infromation at http://www.co.miami-dade.fl.us/wasd/
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COLUMBU S, OH Sewer Inspection and Rehabilitation Program

Responsible Agency: Department of Public
Utilities, Division of Sewage and Drainage

Population Served: 1 million

In 1995, the City of Columbus initiated a sewer line inspection and rehabilitation
program. To assure the quality of products used by contractors in the program,
the city developed a list of approved rehabilitation technologies. When a new
Service Area: 219 sg. mi. technology or product of interest emerges, the manufacturer may request to
Sewer System: 4,000 mi. of sanitary and have their product added to the approved list. The city has developed a process
combined sewer to standardize the introduction of new products. The process requires that:

®  The products meet and conform to American Society for Testing and Materials (ASTM) and other professionally
recognized standard specifications.

*  The products must have been used successfully by three municipalities over a minimum of three years.

*  The city visits both construction sites and product manufacturing facilities to inspect operation and observe standard
construction practices.

*  The manufacturer provides information on the expected service life of the product with supporting data.

When a product is selected for preliminary review, it is installed in a small portion of the R Construction Dollars Spent’
city’s sewer system.The product’s effectiveness is then monitored for three years. Once
the product is judged effective, it can be placed on the list of approved technologies. 1996 $6.5
The current list of approved technologies includes several CIPP products, sliplining,

(Millions)

R " R X 1997 326

and shotcrete. These technologies have been utilized to repair numerous sections of
structurally impaired combined sewers. The city has recently started rehabilitating 1598 35.9
sanitary sewers using the approved technologies. 1999 $2.6
2000 $6.8
Sewer rehabilitation is a priority for Columbus, and the program has been funded p— 503

accordingly. The dollars spent on sewer rehabilitation between 1996 and 2001
are shown in the table on the right. Costs presented do not include construction,  'All costs are converted to 2002 dollars based
administration, and inspection costs. on the ENR Construction Cost Index

Contact: Miriam Siegfried, Department of Public Utilities, City of Columbus
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H O U STON ’ TX Greater Houston Wastewater Pro_gram

Responsible Agency: City of Houston In 1987, the Texas Natural Resource Conservation Commission and EPA
Department of Public Works and Engineering mandated that Houston eliminate the 200 known SSO points that were
Population Served: 1.9 million part of their sanitary sewer system by 1997.The first step the city took was

to inspect over 27 million linear feet of sewer.The results of the inspections
were used to rate each sewer segment. The rating took into account the
severity of I/l, roots, concrete deterioration, and structural defects. The
inspection program found that 50 percent of the inspected sewer segments
were in need of rehabilitation or replacement.

Service Area: 600 sg. mi.
Sewer System: 5,000 mi. of sanitary sewer

To help prioritize the numerous rehabilitation projects, the city developed a numeric sewer rehabilitation rating system, which

considered:
o Accessibility of the line
° Potential future capacity requirements
o Surrounding environment
. Cost

Prior to rehabilitation, a second analysis was performed to determine the most appropriate technique.The analysis considered:

e Current condition of the sewer line
. Maximum service capacity

U Hydraulics

o Site constraints

In areas that were fully built-out, with no future plans for redevelopment, trenchless technologies were generally used for sewer
rehabilitation. Where trenchless technologies were utilized, a hydraulic analysis was performed to determine if reducing the inner
diameter of pipe would cause capacity constraints that could lead to SSOs. For sewers where the use of trenchless technologies
yielded an unacceptable reduction in pipe diameter, or areas where undeveloped land was still available, lines targeted for
rehabilitation were typically replaced with a larger pipe to add additional capacity.

Technologies approved for use by the city included sliplining, cured-in-place pipe, pipe bursting, and limited use of modified cross-
section liners. The city rehabilitates approximately 120 miles of sewers annually using trenchless technologies. The city committed

to spend a total of $300 million on sewer rehabilitation as part of the settlement with EPA.

Contact: Teresa Battenfield, City of Houston, Department of Public Works and Engineering
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INDIANAPOLI S, IN Combined Sewer Infrastructure Assessment

Responsible Agency: City of Indianapolis

; The Indianapolis Combined Sewer Infrastructure Assessment Project
Department of Public Works . . . . . . S
X investigated the integrity of approximately 50 miles of sewer with diameters
Population Served: 800,000 of 60 inches or larger. The city used the study to identify sewers in need of
Service Area: 58.4 sg. mi. immediate rehabilitation and to develop the basis for a more integrated
Sewer System: 82.2 mi.of combined sewer Capital Improvement Program. This project was also important to the city
in developing its CSO long-term control plan.The city wanted to maximize
storage in the existing sewer system, but needed to be sure that the pipes
used to store flows were structurally sound. If a weak sewer pipe was stressed to the point of failure in using it for storage, the
environmental impacts could be much larger than those attributed to a single CSO event. Approximately 253,000 feet of brick,
concrete, and vitrified tile combined sewer were physically inspected and rated based on their structural integrity between 1994 and
1998. The study found that the majority of sewers were in good condition, identifying approximately 71,000 feet (28 percent of the
assessed length) in need of rehabilitation. Since the Assessment Project was completed in 1998, a total of 12,495 feet of sewer have
been rehabilitated. The city has used shotcrete, CIPP, and sliplining techniques to rehabilitate their large diameter combined sewers.

The total cost for the Assessment Project was $1.1 million. An additional $4 million or $317 per foot has been invested in targeted
sewer rehabilitation.

Contact:T.J. Short, Greeley and Hansen
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Overview

Private building service laterals (herein referred to as
“service laterals”) are the pipe or pipes used convey
wastewater from individual buildings to the municipal
sewer system. Typical service laterals are four to six inches
in diameter, with lengths ranging from 15-100 feet. Service
laterals are often thought of in two segments: the upper
lateral, which includes the section of pipe between the
building and private property boundary; and the lower
lateral, which includes the section of pipe between the
private property boundary and the municipal sewer system.

For many years, the effect of leaking service laterals was
considered insignificant because it was assumed that

most service connections were above the water table, and
therefore, subject to infiltration only during periods of
excessive rainfall or high groundwater levels (EPA 1991).
More recent studies indicate that a significant component
of the infiltration in any sewer system is the result of
service lateral defects that contribute varying quantities

of inflow and infiltration (I/1) to the sewer system.

Many of these defects are traceable to poor design, pipe
selection, and improper construction (WEF 1999). Further,
fluctuating groundwater levels, variable soil characteristics
and conditions, traffic, erosion, and washouts stress service
lateral pipes and joints. As shown in Figure 1, the most
common problems found in service laterals include:

e Improper connections

e Faulty pipe joints

*  Root intrusion

*  Failure of service lateral bedding or backfill to support
the pipe

*  Pipe material failure in aging service laterals

e Missing or broken cleanout caps

Service lateral testing is an important first step in any
rehabilitation program. Testing is used to assess the
structural condition of the service lateral and to help locate
defects. Additional information on sewer testing practices is

provided in the “Sewer Testing and Inspection Technology
Description” in Appendix B of Report to Congress on the
Impacts and Control of Combined Sewer Overflows and
Sanitary Sewer Overflows.
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Figure 1. Common defects in service laterals.

There are a number of techniques available for repairing
defective service laterals. These include:

*  Removing and replacing defective service laterals
e Spot repairs

*  Trenchless technologies

*  Eliminating inflow sources

These four techniques are discussed in some detail below.

Removing and Replacing Defective Service Laterals

In many cases, it is not practical or desirable to rehabilitate
existing sewers. Removing and replacing part or all of a
defective service lateral is the most common and proven
method for eliminating I/ from private property. A key
factor to a successful program using remove and replace is
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obtaining the private property owners’ consent to access the
property for construction.

Spot Repairs

Spot, or point, repairs are typically used to correct isolated
or severe problems in relatively short portions of a service
lateral. Spot repairs can also be made as an initial step

in the use of other rehabilitation methods (NASSCO
1996). Spot repairs can be made using either open cut or
trenchless technologies. The open-cut technique involves
excavating and removing the defective section, and then
installing new pipe with proper seals to ensure watertight
connections to the existing service lateral and/or municipal
sewer system. Trenchless technologies for spot repairs
typically use epoxy or resin to fill defects; in general, their
use is limited to service laterals with a diameter of six
inches or more.

Trenchless Technologies

Trenchless service lateral rehabilitation uses the existing
pipe to support a new pipe or a liner. Generally, the use

of trenchless technology methods is neither as widespread
nor extensive as open cut techniques for repairing service
laterals (WEF 1999). As the name implies, trenchless
technology requires less surface interruption than complete
replacement of a defective line. Therefore, trenchless
technologies show particular promise in areas where
construction impacts on trees, shrubbery, and other
landscaping materials would make open-cut service lateral
repair costs prohibitive. Trenchless rehabilitation techniques
include lining, cured-in-place pipe (CIPP), pipe bursting,
grouting, and epoxy injections.

Lining Service Laterals

Lining service laterals is typically used to extend

the life of an existing service lateral by increasing

its strength and/or protecting it from corrosion or
abrasion (NASSCO 1996). Lining involves sliding a
flexible liner pipe of slightly smaller diameter into the
existing lateral. The space between the liner and the
existing service lateral is then grouted. Lining is most
often used to rehabilitate extensively cracked laterals,
especially those in unstable soil conditions. The most
popular materials used to line sewers are polyolefins,
reinforced thermosetting resins, and PVC (EPA 1991).
The lateral must be thoroughly cleaned prior to lining.
Typically, lining the service lateral requires excavating
an entry point at both upstream and downstream ends
to be able to insert and move the liner into position.
Therefore, similar to remove and replace and open-cut
spot repairs, lining service laterals requires private
property access.
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Cured-in-Place Pipe

The cured-in-place pipe (CIPP) process involves
installing and curing a resin-saturated, flexible fabric
liner inside the service lateral. The liner is installed
using air or water inversion or a pull-in process. With
water inversion, the lining is inverted using water
pressure; air inversion uses air pressure to invert the
liner. The pull-in process involves winching the liner
into place and using an air bladder to “inflate” the liner.
The liner is then cured by circulating low pressure hot
water or steam. The lateral must be thoroughly cleaned
prior to installing the CIPP, and areas with excessive
infiltration must be sealed. Typically, installing CIPP
liners requires excavating an entry point at either the
upstream or downstream end. Therefore, installing
CIPP liners may not require private property access.

Pipe Bursting

Pipe bursting replaces the existing lateral with a pipe of
similar or larger diameter by fragmenting the existing
pipe into the surrounding soil, thereby creating a cavity
for the new pipe. Pipe bursting has been used in the

gas industry for some time, but only more recently has
been looked at for rehabilitating service laterals. Similar
to lining a lateral, excavated entry points at both the
upstream and downstream ends of the service lateral
are required, which requires private property access.

Grouting and Epoxy Injections

Grouting and epoxy injections are most commonly
used for sealing leaking joints in pipes that are
otherwise structurally sound (NASSCO 1996).
Small holes and radial cracks may also be sealed by
grouting or epoxy injections. Grouts and epoxies are
applied internally within a pipe and are a trenchless
rehabilitation method.

Eliminating Inflow Sources

Service lateral cleanouts allow access to the lateral
for routine maintenance. Often, the cap used to
prevent storm water inflow into the service lateral at
the cleanout is broken or missing. One study found
that almost 25 percent of service lateral defects were
related to missing or damaged cleanout caps (Rowe
and Holmberg 1995). Replacing missing or defective
cleanout caps can result in substantial reductions in
inflow into the sewer system.

Although disconnecting inflow sources is not a repair
of the service lateral per se, elimination of direct
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connections of extraneous storm water is important.
Other, often significant inflow sources include:

*  Roof leaders

*  Area, foundation, yard, patio, and driveway drains
*  Basement sump pumps

*  Cross-connections to separate storm sewers

Additional information on disconnecting inflow
sources is provided in the “Inflow Reduction
Technology Fact Sheet” in Appendix B of Report to
Congress on the Impacts and Control of Combined Sewer
Overflows and Sanitary Sewer Overflows.

Key Considerations
Applicability

Assigning responsibility for the repair or replacement of
service laterals has often been cited as the biggest obstacle
to correcting known defects. Notably, several studies
highlighted significant problems in gaining access to private
property until the municipality assumed full financial
responsibility for the repair or replacement of service
laterals (Curtis and Krustsch 1995; Paulson et al. 1984).

Removing and Replacing Defective Service Laterals

The removal and replacement of a service lateral is
usually more expensive than other rehabilitation methods.
Replacing a defective service lateral, however, ensures that
the design capacity of the lateral is maintained, whereas
rehabilitation may result in an unacceptable reduction in
capacity. Construction activities associated with removal
and replacement involve a greater risk of damage to or
interruption of other utilities than most trenchless lateral
rehabilitation techniques.

Spot Repairs

Spot repairs are often a cost-effective means of addressing
minor defects in service laterals. While spot repairs
eliminate infiltration at the location of the repair they are
typically not an appropriate approach for rehabilitating

a lateral with multiple defects. Without correcting all of
the defects in a given lateral, groundwater will simply
find another location to enter the pipe. Depending on

the number and type of defects in a given lateral, it

may be more cost-effective to address the infiltration by
rehabilitating the entire length of the lateral.

Trenchless Technologies

Trenchless sewer rehabilitation techniques require
substantially less construction work than traditional
remove-and-replace methods (EPA 1999). However, with

the exception of pipe bursting, trenchless technologies
reduce the lateral diameter, resulting in decreased capacity.

Lining Service Laterals

To date, there has been limited experience using liners
to rehabilitate service laterals, although application

is expected to increase (WEF 1999). In lining service
laterals, particular attention must be paid to local
plumbing codes, specifically, whether changes will be
required to accommodate the reduced interior diameter
of the lateral after it is lined.

Pipe Bursting

The primary advantage of pipe bursting is that the flow
carrying capacity of the existing lateral does not have to
be reduced; further, pipe bursting allows the new lateral
to be up-sized, if needed. In addition, the amount of
surface disruption associated with pipe bursting is less
than that required for total lateral replacement. The soil
type surrounding the existing lateral is an important
variable when considering pipe bursting. In soils that
are predominated by sand, the soil “relaxes” almost
instantaneously onto the new pipe causing very slow
progress. It is also important to ensure that no large
boulders or rock formations are located in the path of
the pipe bursting equipment. Finally, the forces exerted
by the bursting equipment may adversely affect other
pipes near the lateral being replaced. Unit replacement
costs with pipe bursting are typically 20-40 percent
lower than traditional open cut methods.

Cured-in-Place Pipe

The use of CIPP for rehabilitating laterals with
diameters as small as four inches is common (NASSCO
1996). Unlike other types of lining, CIPP does not
require grouting. Although the installation of a CIPP
liner is rapid, the curing period can be extensive, and
flow and groundwater infiltration in the lateral will
need to be controlled during installation. CIPP also has
relatively high set-up costs for small projects.

Grouting and Epoxy Injections

Grouting is relatively inexpensive. Grouting does not
improve the structural strength of the lateral, and for
that reason, should not be considered when the pipe
is severely cracked, crushed, or badly broken (EPA
1991). Epoxy injections, although similar to grouting in
most respects, provide the added benefit of improving
somewhat the structural integrity of the rehabilitated
pipe. Because epoxy is more viscous than grout, it
cannot be pumped as far (WEF 1999). The service life
of grout is an important consideration. The average
service life of grouts is seven years (NASSCO 1996).
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Grouting requires flow control, because the section
being grouted cannot transport flow until the grout
has cured. Therefore, it is also difficult to line service
laterals if infiltration is present. Most coatings cannot
be successfully applied to either water leaks or ponded
water (NASSCO 1996). Large cracks, badly offset joints,
and misaligned pipes may not be sealable using grouts
or epoxies.

Eliminating Inflow Sources

Eliminating sources of inflow can be an efficient way
to reduce the volume of storm water delivered to
both combined and separate sanitary sewer systems.
The feasibility of disconnecting inflow sources
depends on the soil type, land slope, and drainage
conditions around the home. Additionally, for an
inflow disconnection program to be successful, the
public must be educated about the benefits of and the
methods for disconnecting sources. This can be time-
consuming and will likely require some sort of rebate
program or other incentive for compliance.

Cost

Often, very little specific data are available to compare the
I/I contribution from service laterals with that from other
sewer system components. Flow meters are rarely used to
monitor individual service laterals for reasons including

it is physically difficult to isolate service laterals from the
sewer system for installing flow meters; placing flow meters
in a service lateral requires significant and often expensive
modifications; and the large number of service lateral

Implementation Examples

DARIEN, IL

connections can make sampling representative locations
costly. Rehabilitating service laterals, however, has proven
to be a critical component of an I/I reduction program.
Studies have found that service lateral rehabilitation can
reduce the introduction of extraneous I/I into the sewer
system from 45-87 percent (Rowe and Holmberg 1995;
Curtis and Krustsch 1993; EPA 1985; Roberts 1979).
Actual I/ reductions achieved, however, are dependent on
a number of factors, and therefore the cost-effectiveness
of lateral rehabilitation will vary from community to
community.

Costs associated with the various techniques available for
rehabilitating or replacing service laterals vary considerably
and are driven by site-specific conditions. Table 1 presents
the relative costs of the various techniques discussed in this
technology description. For example, replacing a service
lateral, either using open cut or pipe bursting techniques,

is almost always more expensive than other rehabilitation
alternatives. The exact cost of replacing the lateral, however,
will be driven by the landscape and length of the lateral
among other factors.

Table 1. Relative cost of various service reheabilitation costs.

Technique Relative Cost

Removing and replacing service laterals $$8$
Spot repairs $
Lining service laterals $$
Pipe bursting $%$
Grouting and epoxy injections $$
Eliminating inflow sources $$

Hinsbrook Subdivision I/l Rehabilitation

Responsible Agency: DuPage County Public
Works Division

Population Served: 585 single family homes

In the early 1990s, the DuPage County Public Works Division initiated efforts to
control I/l in the Hinsbrook Subdivision, which suffered from frequent SSOs. A
study of the sewer system determined that 25-30 percent of the I/l was entering

from the sewer system service laterals. Rehabilitation of the service laterals was

necessary, but politically complicated as it involved coordinating three groups:
the Public Works Division of DuPage County, the Public Works Department of the City of Darien, and the property owners. DuPage
County owns the SSS, while the City of Darien is responsible for storm water control in the subdivision, and property owners are
responsible for the portion of the service lateral on their property.

Pipe bursting was used to rehabilitate the majority of the service laterals in the subdivision. Property owners were informed in
advance of the replacement and given the option of hiring their own contractor or allowing the county to make the needed repairs.
Only 35 homeowners chose to hire their own contractor. For the pipe bursting, a small pit was excavated at the foundation of each
home. The pipe bursting head and new pipe were pulled with a winch from a pit located near the main pipe. The new service
lateral was then connected to the house and the service main. Installation time averaged two hours limiting the time service was
interrupted. Property owners who chose to have the county rehabilitate their service lateral paid the county $966.
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MONTGOMERY, AL I/l Tracking and Service Lateral Rehabilitation

Responﬂble Agency: Montgomery Water Works and Montgomery Water Works and Sanitary Sewer Board (MWWSSB)
SEHE7 SEE BieEe evaluated the condition of its sewer system in the early 1990s and
Population Served: 225,000 discovered inflow sources could be cost-effectively eliminated in
Service Area: 150 sg. mi. 86 percent of the system. Nearly 2.2 million linear feet of pipe were
Sewer System: 1,098 mi. of sewer investigated in the first five years of the program. Of the 3,394 sewer

system problems detected, 85 percent were service lateral problems; a

defect was found in approximately every 700 feet of sewer inspected. Of
the 113 subbasins served by MWWSSB, 35 were smoke tested in the first six years of the program; 97 percent of the lateral defects
identified have been repaired.

Lateral maintenance and repair has always been the responsibility of the property owner, who was notified when defects were
discovered. Due to the number of defects identified, MWWSSB adopted a more aggressive maintenance and repair policy. Property
owners initially received a 60-day notice of the lateral repair requirements. If they failed to respond to the initial notice, a 10-day
notice was sent to the property owner. Finally, if the property owner had not responded to either notice, their water service was
shut-off.

Lateral repairs necessary within the city street right-of-way are made by MWWSSB with consent and release of liability from the
property owner. MWWSSB also replaces missing clean-out covers for a minimal cost with written permission from the property
owner.

To help manage the numerous service lateral repairs, MWWSSB created a sewer maintenance database. The database includes
information regarding when smoke testing was initiated, any defects found during testing, digital photos of the defect, when the
first owner notice was generated, and any repairs that were performed.

The public notice process was implemented in the Fall of 1994; 65 percent of property owners responded after receiving the 60-day
notice. The remaining property owners repaired their defects under threat of having their water service discontinued. In selected
subbasins where service lateral rehabilitation is complete, a 42 percent reduction of I/l has been measured. It is estimated that the
annual I/l volume in the MWWSSB service area has been reduced by 36 million gallons.The initial cost of establishing the I/l program
was approximately $150,000; MWWSSB annual program operation costs are $207,000.

Contact: Danny Holmberg, Montgomery Water Works and Sanitary Sewer Board
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ORLAN DO, FL Lateral Lining Program

Responsible Agency: City of Orlando Public

Works Department, Wastewater Bureau The City of Orlando Public Works Department (PWD) is responsible for the
Population Served: 200,000 maintenance and repair of the city’s sewer system. Service laterals in the sewer
Service Area: 104 sg. mi. system are made from several different materials, including clay (45 percent),

PVC (35 percent), and concrete (20 percent). PWD found that the clay and
concrete pipes were particularly prone to I/l problems and that root intrusion
was the most common defect in service laterals.

Sewer System: 500 mi. of sanitary sewer

PWD began to excavate and replace laterals from the property line to the main sewer. Excavation was expensive and disturbed the
local landscape and traffic patterns, frustrating residents. PWD looked into various trenchless technology options and selected CIPP
liners installed using an air inversion system to rehabilitate laterals.

PWD only rehabilitates laterals from the property line to the main sewer. Lateral rehabilitation begins when city crews excavate the
lateral at the property line.The crew then performs an initial inspection, and the proper length of liner is prepared and impregnated
with resins.The liner is installed into the host pipe by inflating a bladder that forces the liner into the pipe and causes it to adhere to
the walls of the host pipe. After a two-hour curing period, the bladder is deflated and removed. After a final inspection, the pipe is
reconnected and the excavation site is resodded. It is estimated that this process takes four to five hours per lateral. It is believed that
this system will help mitigate SSOs by controlling I/l into the system and will reduce service calls. The equipment for this program
cost $21,500, and it is estimated that rehabilitation will cost $800 per lateral.

Contact: Ron Proulx, Public Works Department, City of Orlando

SAN LUIS OB|SPO, CA Voluntary Service Lateral Program

Responsible Agency: City of San Luis Obispo Utilities The City of San Luis Obispo was experiencing I/l problems
Department during their rainy season. At the time, the city treatment plant
Population Served: 44,613 was suffering from wastewater flows that would increase from
Service Area: 10.7 sg. mi. a daily average of 4.5 MGD to over 30 MGD during wet weather
Sewer System: 130 mi. of combined sewer events, pushing the city’s wastewater treatment facility over its

design limit. A flow monitoring study of the city sewer system was
conducted to identify the extent of I/l and its sources.

Flow monitoring data showed that a residential area served by sewers built between 1930 and 1965 was the major contributor of I/1.
The city then video inspected the sewer mains to determine the locations of the I/l within this area.The inspection phase occurred from
1991-1994 and concluded that service laterals were the main source of the I/I. A small sample of laterals revealed that failures were
mainly due to aging construction materials and failed mortar joints, particularly where laterals were constructed from orangeburg or
clay pipe. Service lateral defects identified included root intrusion, misaligned joints, broken pipes, holes, and missing pipes.Based on
these findings, the city adopted and implemented the Voluntary Sewer Lateral Rehabilitation Program (VSLRP) in 1997.

The VSLRP was developed to mutually benefit the city and homeowners. Homeowners who participate in the program received free
lateral inspection, construction permits, technical advice, and a rebate of half the cost of the replacement or repair up to $1,000 per
property from the city. The lateral rehabilitation methods used by the city were removal and replacement, the most popular method,
as well as trenchless rehabilitation methods of pipe bursting and lining.

More information at http://www.ci.san-luis-obispo.ca.us/utilities/vslrp_technical.asp
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